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FOREWORD 


For  neorly  two  decodes  (sine*  1963)  the  Avionics  Engineering  Center  of  Ohio 
Uhiversity  (Athens,  Ohio)  has  been  engaged  in  research  and  engineering  directed  toward 
improving  and  better  understanding  the  Instrument  Landing  System.  The  Federal  Aviation 
Administration  has  supported  this  effort  under  a  series  of  contracts  with  its  Systems  Reseorch 
and  Development  Service  and  its  Airway  Facilities  Service. 

This  Final  Report  describes  results  obtained  during  Contract  DOT-FA7IWA-4062 
through  its  1977-79  period  of  performance. 

The  Avionics  Engineering  Center  is  on  integral  port  of  the  Deportment  of  Electrical 
Engineering  at  Ohio  University.  Accordingly,  the  Center  is  oble  to  offer  opportunities  to 
graduate  and  undergroduote  students  and  faculty  members,  for  participation  in  the  ongoing 
FAA- span  sored  work.  Benefits  accrue  to  the  FAA,  the  Center,  ond  to  the  individual, 
through  participation  in  real-world  engineering  tasks  with  their  requirement  for  quality 
work  on  schedule.  The  FAA  ond  the  aviation  industry  benefit  from  the  availability  of 
trained  and  e&cated  engineers  with  experience  in  existing  and  developmental  navigation 
and  communication  systems. 


I. 


INTRODUCTION  AND  SUMMARY 


This  report  presents  results  of  FAA-supported  work  on  improvement  and  documenta¬ 
tion  of  IIS  glide  slope  and  localizer  systems.  Detailed  report  sections  on  each  of  the  major 
work  efforts  ore  presented.  Due  to  the  diverse  nature  of  project  activity,  results  and 
conclusions  are  distributed  throughout  the  report,  being  placed  in  those  sections  to  which 
they  apply. 

Section  II  presents  results  of  the  sidebond  reference  glide  slope  studies,  first  at 
a  near-ideal  site  and  finally  at  existing  installations  in  the  eastern  states.  Use  is  made 
of  computer  modeling  in  establishing  relationships  among  baseline  parameters  and  in 
comparing  performance  predictions  for  sideband  reference,  null  reference,  and  copture 
effect  glide  slopes  on  non-ideal  terrain. 

Section  III  discusses  ILS  anomaly  investigations.  A  description  is  given  of  the 
FA-5723  clearance  monitor  modification  mode  to  remove  certain  debilitating  malfunctions. 
A  computer  study  of  the  Runway  22L  site  at  Boston  Logan  Airport  is  presented  that  reveals 
the  capture  effect  system  can  be  operated  satisfactorily  provided  monitor  tolerances  are 
tightened  to  protect  from  cumulative  tide  effects.  Allowable  VSWR's  of  V-Ring  and 
O-Ring  localizers  are  identified  within  a  context  of  best  and  worst-case  bounds.  VSVW 
is  shown  to  be  an  incomplete  specification  for  precise  identification  of  performance. 
Description  of  a  complex  reflection  coefficient  is  needed. 

Section  IV  outlines  the  seminars  and  short  course  which  constituted  the  educational 
support  function  of  the  project. 

Set-up  procedures  are  discussed  in  the  Appendices. 

The  general  conclusion  is  that  the  ILS  remains  a  highly  flexible  and  important 
navigational  aid  with  possibilities  for  improvement  and  better  and  more  effective  applica¬ 
tion  still  waiting  to  be  fully  realized. 


II. 


SIDEBAND  REFERENCE  GLIDE- SLOPE  PERTURBATION  AND  MONITOR  STUDY 


Calculated  responses  of  the  sideband  reference  glide-elope  system  to  specific 
faults  end  adjustments  have  been  validated  experimentally  and  are  herein  reported 
graphically.  Both  far-fleld  behavior  and  near-field  vertical  profiles  of  the  glide-slope 
structure  are  presented  for  some  fault  conditions.  The  question  of  integral  versus  near¬ 
field  monitoring  is  investigated. 

Calculated  performances  for  null  reference,  sideband  reference,  and  capture 
effect  glide-slope  systems  far  different  terrain  profiles  ore  compored  and  studies  of 
selected  operational  glide  slopes  are  included. 

A.  A  Documentation  of  the  Sideband  Reference  Glide-Slope  System  Response  to 
Specific  Faults. 

I .  Summary  ond  Conclusions.  A  study  has  been  made  of  the  response  of 
the  sideband  reference  ($feR^,  imoge,  glide-slope  system  to  specific  faults.  Various  faults 
were  introduced  into  the  transmitting  equipment  end  RF  distribution  network.  These  faults 
are  intended  to  be  representative  of  those  which  might  be  expected  to  occur  in  proctice 
due  to  either  a  component  failure  or  improper  adjustment  of  the  station  equipment.  As 
eoch  fault  was  introduced  into  the  system,  glide  path  (operating)  parameters  for  the 
nearly  ideal  site  at  Tamiami  Airport  were  measured  using  an  instrumented  aircraft  ond 
the  results  compared  to  those  predicted  by  the  flat  eerth  option  of  OUGS,  a  computer 
model  for  imoge  glide  slope  systems  developed  at  Ohio  Univenity. 

The  validation  tests  involved  both  integral  and  neor-field  monitor  pickups. 

The  validation  process  yielded  data  that  showed  the  measured  values  were  typically  to 
2%  of  the  predicted  values.  The  integral  monitoring  provided  good  data,  but  the  well- 
used  components  in  the  associated  transmission  lines  network  introduced  some  problems 
with  stability. 

The  conclusions  reached  as  a  result  of  this  investigation  are: 

(1)  In  the  SBR  system  the  path  angle  is  controlled  in  part  and  is  critically 
dependent  on  the  sideband  power  division  between  the  upper  and 
lower  antennas.  This  power  must  be  carefully  controlled  and  monitored. 

The  existence  of  vogaries  in  power  splitting  devices  and  the  resetting  of 
controls  offers  potential  for  path  angle  maintenance  problems. 

(2)  Present  instructions  for  setting  the  near-field  monitor  antennas  are  in 
one  case  misleading,  and  in  the  other  result  in  on  overly  sensitive 
sample.  In  general,  the  current  monitor  set-up  as  specified  for  the 
SBR  system  must  be  considered  a  fault  detector  and  not  an  analog 
representation  of  the  far-field  conditions. 
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(3)  A  major  odvantoge  to  use  of  the  SBR  system  is  that  the  lower  cntenna 
heights  used  not  only  permit  locating  the  array  closer  to  runway  areas 
but  also  require  only  o  modest  ground  plcne  in  the  reflecting  area. 

(4)  For  antenna  phasing  using  airborne  or  ground-based  methods,  a  quadrature 
section  of  line  (90  electrical  degrees)  should  be  inserted  in  the  sideband 
feedline  going  to  the  APCU  or  the  upper  antenna  and  the  sideband  line 
to  the  lower  antenna  dummied.  It  should  be  noted  that  for  the  flat  plane 
case  simply  inserting  the  quadrature  section  in  the  sideband  line  going 
to  the  APCU  is  sufficient  without  changes  in  the  lower  antenna. 

(5)  The  present  monitoring  set-up  is  overly  sensitive  to  ground-plane 
conditions  in  the  near-field  reflecting  zone.  The  use  of  a  ground 
screen  (counterpoise)  ignores  the  basic  principle  of  representativeness 
since  the  screen  does  not  significantly  influence  the  for  field. 

(6)  Integral  monitors  gave  indications  in  most  cases  of  being  an  analog 
of  the  far  field. 

(7)  Ground  phasing  with  the  use  of  probes  is  possible  if  phase  distribution 
among  the  dipoles  or  "effective  phase  center"  of  each  antenna  or  relative 
phase  of  the  monitor  port  output  with  respect  to  rodiated  signal  is  known. 

2.  Introduction  and  Purpose.  The  purpose  of  this  report  section  is  to  document 
the  performance  of  the  sideband  reference  glide-slope  system.  Such  documentation  can 
be  useful  not  only  for  troubleshooting  and  other  maintenance  tasks,  but  can  also  provide 
insight  into  expected  monitor  performance  as  well  os  set-up  procedures. 

a.  SBR  Theory  of  Operation.  The  sideband  reference  glide  slope,  os 
presently  employed,  requires  two  mtennas  arranged  vertically  one  above  the  other  with 
the  upper  antenna  offset  toward  the  runway  to  minimize  proximity  effects  in  the  near¬ 
threshold  zone  along  the  centerline.  These  ontennas  may  be  at  various  height  ratios 
ranging  from  2.5  to  1,  to  4  to  1 .  For  convenience  if  is  simpler  to  discuss  a  specific 
installation  since  the  principle,  once  understood,  is  easily  generalized  to  any  other  ratio. 
The  specific  system  designed  for  use  in  the  Tomiami  (TMB)  tests  has  antennas  of  height 
ratio  of  3  to  1  and  a  glide-slope  angle  of  3°.  To  achieve  this,  the  upper  antenna  wos 
placed  at  a  height  of  one-half  wavelength  divided  by  the  sine  of  4®,  thus  producing  o 
null  at  4°.  The  lower  antenna  was  placed  of  a  height  of  one-half  wavelength  divided 
by  the  sine  of  12°  and  produced  a  null  at  12°.  These  heights  ore  based  on  calculations 
mode  using  the  for-field  approximation.  Figure  1  illustrates  these  field  strength  variations 
with  altitude  expressed  as  path  angle.  A  simple  trigonometric  calculation  shows  that  if 
the  maxima  of  the  two  patterns  ore  equal,  the  signols  will  also  be  equal  at  3*  and  9*. 

The  lower  antenna  rodiotes  moduloted  carrier  (modulation  index  0.4,  1  50  and  90  Hz 
sidebands  both  in  phase  with  the  carrier)  plus  sideband-only  (suppressed  cwrier)  signals 
which  subtract  from  the  150  and  odd  to  the  90  Hz  carrier  sidebands.  The  upper  antenna 
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Elevation  Angle  Degrees 

igure  1.  Vertical  Lobe  Structure  for  Sideband  Only  Signals. 
Sideband  Reference  3*  Glide  Slope. 


rodiotes  sidebond  only  (suppressed  carrier)  signals  with  the  150  Hi  sideband  and  the  90  Hi 
sidebands  reversed  with  respect  to  those  in  the  lower  antenna.  Where  these  si  deband 
only  signals  have  equal  magnitude  (at  3®  and  9°os  shown  in  Figure  1)  the  result  is  can¬ 
cellation  of  the  depth  of  modulation  increments  and  0  DDM  (difference  in  depth  of 
modu  lotion). 

Since  the  TMB  location  is  extremely  flat,  the  ray-optic  method  may  be  used 
for  calculation  of  the  spatial  patterns  of  CDI  (course  deviation  indicator)  current. 
Calculating  the  path  length  for  antenna  to  observer  and  imoge  to  observer  (using  the 
method  of  images)  one  obtains  the  formulation: 


sin  1 80  (y  -y.) 

CDI  3  K  (  - -  cos  180  (y  ♦  Ti  *  Yn  -  y?)  *  *  I  indicator 

sin  I80(y3-y^)  current 

where  Xj  3  (  (x-e)2  ♦  y2  ♦  (z-H)2  )  ' 

r2  3  (*2*y2Mx-h)2  >* 
y3  3  (x2  ♦  y2*  (z  ♦h)2  )J 
y4  3  (  (x-e)2  ♦  y2  +  (*  ®  H)2  )5 

h  is  the  height  of  the  lower  antenna 
H  is  the  height  of  the  upper  antenna 
e  is  the  offset  of  the  upper  antenna. 


The  antenna  tower  is  of  the  origin  of  the  coordinate  system  (Cortesian),  y  is 
measured  parallel  to  the  runway  centerline,  x  is  perpendiculor  to  the  runway  centerline, 
and  i  is  the  vertical  distcnce  above  ground.  Distances  ore  measured  in  wavelengths. 

It  is  interesting  to  note  that  the  sideband  reference  system  consists  of  the  super¬ 
position  of  o  null-reference-like  pattern  (4®  slope)  an d  a  constant  CDI  pattern.  This 
concept  is  useful  in  visualizing  some  of  the  peculiarities  of  the  near-field  region. 

3.  Data  Collection.  The  S8R  data  collection  was  accomplished  at  Ohio 
University's  experimental  IlS  test  site  at  the  New  Tomiceni  Airport.  A  Mark  1C  glide- 
slope  transmitter  was  used  as  a  signal  source.  Two  ARC  type  FA-8976  glide-slope  an  ten  nos 
were  installed  at  a  height  of  7.09'  (2.161m)  and  21.27*  (6.483m)  above  ground  for 
the  S8R  configuration. 
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The  APCU  Implemented  for  these  tests  focilitotes  accurate  fault  introduction 
and  when  used  in  conjunction  with  selected  tronsmitter  controls  is  copoble  of  effecting 
o  wide  range  of  perturbations.  Figure  2  shows  a  simplified  schematic  of  the  S8R  test 


APCU. 


The  path  angle  was  found  to  be  3.02°  with  a  width  of  0.68°.  The  system  was 
then  perturbed  as  noted  in  Table  ).  Airborne  measurements  of  the  path  angle  and  width 
were  obtained  using  the  Ohio  University  Minilab  Mark  III,  on  airborne  instrumentation 
package  flown  in  o  Beechcroft  Model  V35A. 

Table  1  olso  contains  the  predicted  responses  of  the  system  as  determined  by  the 
computer  model  OUGS.  Very  good  correlation  is  evident  with  percent  difference  typically 
amounting  to  1%. 

4.  Discussion  of  Data.  In  preparation  for  the  setup  and  test  to  be  mode  on 
the  sideband  reference  glide  slope  ot  Tomiami,  the  glide  slope  was  modeled  with  the 
OUGS  computer  model  and  a  series  of  perturbations  applied  to  the  model.  Figures  3 
through  6  ore  plots  of  path  angle  and  path  edge  loci  vs.  perturbofion  derived  from  these 
runs  in  which  the  observation  point  was  brought  in  of  constant  altitude  along  the  extended 
centerline  (pattern  B'  ond  also  moved  vertically  up  at  the  360°,  300°,  and  180°  proximity 
points.  All  perturbations  to  be  used  in  anticipated  fault  tests  were  thus  treated.  Use  of 
then- data  permitted  efficient  planning  of  fault  study  flight  checks  by  making  possible  the 
selection  of  faults  which  would  bring  the  monitors  to  alarm  limits. 

By  simulating  vertical  runs  of  various  points  in  the  near  field,  data  was  obtained 
from  which  Fibres  7,  8,  and  9  were  constructed.  Figure  7  was  calculated  for  the  side- 
bond  reference  glide  slope  with  normal  onfenna  currents  and  a  perfectly  reflecting  ground 
plane  (reflection  coefficient  I  .000  of  180®).  Figures  8  ond  9  show  the  effect  of  an  im¬ 
perfectly  reflecting  ground.  Figure  8  was  plotted  for  a  complex  dielectric  constant  of 
(«  r  *  20.  -j  0.60)  while  Figure  9  represents  the  effects  of  using  a  dielectric  constant  of 
(«r  -  2.25  -j  0.255). 

A  major  reason  for  the  profile  study  is  to  furnish  information  concerning  the 
correlation  existing  between  points  accessible  to  ground  based  measurements  and  the  far 
field,  iich  information  it  vital  to  the  framing  of  a  set-up  procedure  which  con  guarantee 
minimum  flight  check  expense  requiremen ts .  Appendix  A  contains  some  of  these  set-up 
proceAjres  and  includes  preliminary  experimental  data  taken  in  the  vertical  plane  con¬ 
taining  the  runway  threshold. 

An  interesting  use  of  the  profile  of  Figure  7  was  made  during  the  set-up  ot  Tomiami. 
When  an  attempt  wot  made  to  carry  out  the  instructions  in  Handbook  6750.68,  para¬ 
graph  26b3,  a  frustrating  impasse  arose  in  that  the  required  0  DDM  could  not  be  found. 

The  profile  showed  why  this  was  the  cose,  and  thus  avoided  lost  time  and  effort  while 
also  pointing  to  a  correction  which  should  be  made  in  future  editions  of  the  instructions. 

Another  application  of  theoretical  modeling  to  the  set-up  at  TMB  involved  air¬ 
borne  phasing  of  the  upper  antenna  as  described  in  Handbook  6750. 6B,  sectirxi  24fl, 
which  colls  for  the  addition  of  a  90®  line  section  to  the  sideband  line.  The  ombiguity 
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Figure  3.  Pofft  Angle  V».  PKote  Advance  -  Comer  and  In-PboM 


Figure  4.  75  Microompere  CDI  Loci  V*.  PSom  Advance  -  Carrier  and  ln-Pba*e  Sideband* 


Curve  I  -  Pattern  B 


Figure  5.  Path  Angle  V*.  AttenuotlonHJpper  Antenna  Power  Attenuated. 


Figure  8.  COI  Profile*  for  Sideband 


here  involve*  which  sideband  line,  that  feeding  the  upper  antenna,  or  that  entering  the 
APCU.  Another  question  which  arose  was  whether  or  not  the  sideband  line  into  the  lower 
antenna  should  be  dummied  during  the  airborne  phasing  process,  thus  configuring  the  system 
as  null  reference.  Calculations  showed  that  the  90°  line  section  should  be  added  to  the 
sideband  line  entering  the  APCU,  and  that  for  ideal  ground  and  receiver  characteristics 
it  did  not  matter  if  the  sideband  line  into  the  lower  antenna  were  dummied  or  not. 

From  a  study  of  the  behavior  of  the  CDI  profiles  in  the  proximity  of  the  360°, 

300*,  and  180°  points,  if  appears  that  integral  monitoring  has  much  to  offer  in  terms 
of  reliability  especially  with  environmental  changes.  A  study  of  the  reflection  pro¬ 
perties  of  various  soils  indicated  that  at  the  near-field  points,  the  reflection  coefficient 
is  quite  sensitive  tochangesin  the  moisture  content  of  the  ground.  Representative  complex 
dielectric  constants  measured  at  3  x  10^  Hz  listed  in  vonHippel  [I]  have  been  used  to 
calculate  the  reflection  coefficients  compiled  in  Table  2.  These  figures  point  out  a 
significant  difference  between  reflections  to  the  far  field  and  those  to  the  360°  and  other 
proximity  effect  points  where  near-field  monitoring  is  performed.  At  3°  above  the 
horizontal  of  the  360°  point  the  angle  of  incident  is  of  the  order  of  70°  (measured 
from  the  normal  to  the  reflecting  ground).  At  this  angle  wet  sand,  for  instance,  changes 
its  reflection  coefficient  from  0.855  of  179.86°  to  0.581  at  179.75°  when  dry,  whereas 
the  some  sand  will  change  it*  reflection  coefficient  from  0.976  at  179.98°  to  0.919  at 
179.97°  where  the  angle  of  incidence  is  87°  as  in  the  far  field.  The  great  variation  of 
reflectivity  for  the  near-field  monitors,  not  found  in  the  far  field,  is  bound  to  moke  the 
near-field  monitors  unreliable.  This  is  not  a  factor  affecting  the  integral  monitors. 

The  application  of  the  flat  earth  option  of  OUGS  to  the  S8R  glide  slope  con¬ 
figuration  results  in  a  series  of  plots  which  describes  the  near  field  as  well  as  the  far 
field  conditions  in  both  normal  and  faulted  status.  These  plots  are  essentially  CDI  vs. 
path  angle  and  were  used  to  derive  data  for  Figures  4  through  9.  They  are  presented  in 
graphical  form  in  Figures  10  to  54.  Figure  10  shows  a  normal  unfoulted  system. 

Each  graph  contains  the  following  five  plots: 

1.  180  -  o  vertical  cut  taken  at  the  180°  point.  134.0*  (40.84m) 

2.  300  -  a  vertical  cut  token  at  the  300“  point.  79.0'  (24.08m) 

3.  360  -  a  vertical  cut  token  ot  the  360°  point.  65.8*  (20.06ml 

4.  B  -  a  standord  pattern  B  cut  through  the  glide  path  at  1000'  (300m)  AGL. 

5.  C  -  o  vertical  cut  token  at  a  point  directly  in  front  of  the  tower  and  ot 

a  horizontal  distance  such  that  on  imaginary  line  extending  outward  from 
the  base  of  the  tower  at  on  angle  of  3°  above  horizontal  would  intersect 
this  vertical  cut  at  a  height  of  40'  (12. 19m)  above  ground.  763.2'  (232.62m) 

5.  Recommendations.  The  work  performed  in  this  investigation  leads  to  the 
recommendations; 

1.  The  use  of  full  integral  monitoring  for  the  S8R  should  be  vigorously  pursued. 
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Table  2  .  Complex  Reflection  Coefficient  (Polar)  for  Various  Angles  of  Incidence 
(Measured  from  the  Normal  to  the  Reflecting  Plane)  for  Typical  Soils. 
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Figure  32.  CDI  vs.  Angle  -  SBO  flower  Division:  Upper  An  Sen  rvo  -0.5  dB,  Lower 
Anfenno  *0.448  dB. 
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•  •  A  >e>-up  method  should  be  developed  for  the  S8R  glide-slope  system  thot 
con  be  used  of  any  site,  storting  with  the  results  so  for  obtained  and  based 
on  models  generated  by  OUGS  for  non-ideol  sites. 

3.  Limited  perturbation  studies  should  be  conducted  of  commissioned  SBR  sites 
to  yield  data  valuable  to  IL S  engineers.  Subsequent  recommendations  for 
SBR  monitoring,  integral  or  otherwise,  would  benefit  from  data  so  obtained. 
This  type  of  data  would  supplement  that  already  obtained  by  the  OUGS  model, 
this  study,  and  by  work  at  Ohio  University's  Albany,  Ohio  experimental 
test  site. 

B.  Additional  Documentation  for  Sideband  Reference  Glide-Slope  Performance 
with  Near  field  and  Integral  Analog  Monitoring^  ~ 

I.  Summary  and  Conclusions.  As  disclosed  in  the  preceding  section,  the 
current  near-fierT^TtS7m^75TPTriTd^Ix»sd  reference  glide-slope  system  is  not  only 
non-analog  in  nature  but  overly  sensitive  to  neor-field  environmental  foctors.  Results 
of  testing  documented  here  ejggest  that  the  implementation  of  integral,  analog  monitoring 
for  the  sideband  reference  system  would  provide  an  improvement  to  identify  system  faults 
occurotely  and  eliminate  spurious  response  to  environmental  factors,  thus  reducing  system 
ou  toges . 


2.  In trocki cti on.  Preliminary  work  was  accomplished  on  implementing  analog 
monitoring  using  integral  piclc-ups.  The  investigation  centered  on  system  response  to 
foreign  objects  on  the  antennas,  chonges  in  the  transmission  line  lengths,  and  changes 
in  modulation  bailee,  sideband  power,  and  sideband- to-corrier  phasing. 

During  the  work  described  in  part  A  of  this  section  (II- A)  on  the  sidebond  reference 
in  Tamiomi,  some  peculior  neor-field  monitor  response  conditions  become  evident;  hence, 
motivation  was  provided  for  implementation  of  the  integral  masitoring. 

3*  Discussion  of  Data,  in  preparation  for  the  integral  monitoring  testing,  a 
conventional  sideband  reference  (SBR)  system  was  established  at  the  test  site.  Antenna 
heights  for  the  3:1  ratio  were  established  of  7.09'  (2.16m)  and  21.27'  (6.483m).  An 
onfenna  offset  of  6.0  inches  (15.2cm)  was  used.  Figure  55  Is  a  view  of  the  site  after 
configuration  as  a  sideband  reference  system.  The  system  was  then  phased  and  found  to 
have  a  path  angle  of  3.04*  and  a  path  width  of  0.68°.  At  thi,  time  on  effort  was  mode 
to  find  a  ground  phasing  point  neor  the  fenceline,  approximately  2000'  (610m)  on  the 
centerline  extended.  This  point  was  located  and  found  to  be  displaced  from  the  center- 
line  approximately  35'  (llm).  This  point  was  permanently  marked  for  future  use. 
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With  the  tytfem  now  operating  normally,  the  RF  recombining  for  the  integral, 
analog  monitor*  wa*  implemented  as  shown  in  Figure  56.  The  alignment  procedure  used 
for  the  Rf  recombining  unit  it  as  follow*: 

1.  Determine  that  the  glide-tlope  system  it  operoting  normally  with  the 
proper  path  ongle  and  width. 

2.  Interf  the  C  SB  into  the  SBO  input  to  the  APCU  and  dummy  lood  both 
the  SBO  line  from  the  modulator  and  the  CS8  input  to  the  APCU. 

3.  thing  CH  B  of  a  vector  voltmeter  to  monitor  the  “path”  output  of  the 
recombining  network,  odjuit  AT-P  and  PH-P  alternately  to  obtain  a 
minimum  RF  tigrtol  level  on  CH  B.  It  will  be  necettary  to  tamp le 
tome  CSB  tignal  with  CH  A  from  tome  point  in  the  trantmiffing  tytfem. 

4.  Now  tomple  the  "width'1  output  with  CH  B  ond  alternately  odjutt 
AT-W  and  PH-W  for  a  minimum  tignal  level  on  CH  B. 

5.  Repeat  tfept  3  ond  4  until  both  the  “path"  and  the  "width"  output* 
from  the  network  are  at  a  minimum. 

6.  Return  the  CSB  and  SBO  input*  to  the  APCU  to  normal. 

7.  With  the  defectort  and  monitor*  connected  to  the  "path"  ond  "width" 
(Xitpuh  of  the  RF  recombining  network  and  the  tytfem  operating 
normally,  both  monitor*  thould  now  reod  0  DDM.  If  not,  return  to 
tfep  l . 

8.  Now  tef  the  DDM  offtet  In  the  width"  monitor  to  067.  5/  1  50  (X2)DDM 
ond  odjutt  AT-W  (increote)  oftenuotion  until  the  "width"  monitor 
indicator  meter  reads  rero.  The  width"  ~ ignitor  now  appear*  to  be 

at  the  lower  path  edge  and  the  “path"  monitor  on  the  path. 

After  the  analog  recombining  network  c r>d  the  monitor*  were  properly  aligned, 
Honeywell  Electronix  19  tfrip  chart  recorder*  were  uted  to  record  the  monitor  variation* 
over  a  fhree-day  period.  CXjrirvg  fhit  time  no  chcnges  or  odjuttment*  were  mode  to  the 
trantmifting  equipment.  Diurnal  change*  for  thi*  monitoring  tcheme  were  found  to  be 
approximately  -3CTV  of  width  alarm  and  410%  of  path  alarm. 

A  series  of  test*  was  then  conducted  to  determine  the  response  of  both  the 
for  field  ond  the  analog  monitor  to  perturbations  in  the  syttem.  These  test*  included 
not  only  changes  in  the  operating  parameter*  of  the  transmitting  equipment,  but  alto 
abnormal  antenna  conditions  such  os  those  which  might  be  expected  to  result  from  the 
presence  of  birds  or  debris.  The  far-field  data  was  obtained  using  the  Mini  lob  airborne 
instrumentation  package  in  a  Beechcraft  Model  35.12  ] 
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Figure  56.  Schematic  of  the  RF  Recombining  Network  Implemented  for  the  Tomiomi 
Integral,  A r»o log  Monitor  Te$t»  in  June,  1978. 


4.  Resulh.  The  ground  phasing  point  located  at  the  fenceline  and  displaced 
approximately  35'  (1  )m)  from  the  centerline  extended  was  used  as  o  reference  for  several 
oftempts  to  ground  phase  the  system.  Results  of  ground  phasing  were  very  consistent  with 
airborne  phasing  being  a  ♦4°.  Phasing  by  observing  a  minimum  150  Hz  condition  in  the 
lower  ontenno  was  a  -6*  from  that  called  for  by  ground  phasing.  As  would  be  expected, 
the  minimum  150  Hz  indication  in  the  lower  antenna  was  accompanied  by  a  minimum 
path  width  indication  on  the  analog  width  monitor. 

The  integral,  onolog  monitor  implemented  with  stondord  MK  1C  monitor  com¬ 
ponents  as  shown  in  Figure  56,  experienced  diurnal  changes  not  exceeding  30%  of  alarm. 
Results  of  strip  chart  recordings  of  the  path  and  width  monitors  over  a  three-day  period 
are  shown  in  Figure  57.  No  adjustments  were  mode  to  the  transmitting  equipment  during 
this  time.  Time  limitations  precluded  o  complete  investigation  to  establish  the  cause  of 
these  variations,  but  subsequent  testing  showed  the  phasors  to  be  unstable. 

Allotment  of  the  RF  recombining  network  was  complicated  due  to  interaction 
between  the  path  and  width  channels.  An  iterative  opproach  was  required. 

Table  3  is  a  summary  of  the  results  of  the  series  of  perfurbationol  tests  con¬ 
ducted  to  verify  satisfactory  operation  of  the  analog  monitor.  Calculated  far  field, 
measured  for  field,  and  analog  monitor  values  ore  given  for  all  perturbations. 

Satisfactory  analog  monitor  operation  in  the  presence  of  antenna  faults  result¬ 
ing  from  birds  or  debris  on  the  cntennas  is  examined.  Figure  56  shows  a  water-soaked 
rog  ploced  atop  the  center  element  of  the  lower  antenna.  Figure  59  is  a  view  of  a  12”  x 
24  1  (30.  5cm  x  61 .0cm)  screen  mesh  [  3,  4  1 .9cm)  square  mesh  draped  in  front  of  the  same 

center  element  of  the  lower  antenna.  The  placement  of  o  wire  loop  7"  (17.8cm)  above 
the  center  element  is  shown  in  Figure  60.  Referring  to  Table  3,  we  see  that  in  all  coses 
the  anolog  monitor  was  conservative,  indicating  a  for-field  change  greater  than  was 
measured. 


5.  Recommendations.  The  use  of  integral,  analog  monitoring  for  the  side¬ 
band  reference  glide-slope  system  has  been  demonstrated.  Further  testing  of  the  analog 
monitoring  scheme  should  be  done  to  establish  long-term  stability  performance.  Inter¬ 
action  between  the  path  and  width  channel  during  alignment  of  the  monitor  recombining 
network  should  be  examined  further  through  an  expanded  series  of  tests. 

C .  Calculated  Performance  Comparisons  for  Si debxy d  Reference,  Null  Reference, 
and  Capture  Effect  Clide  SI ope~Tys terns  to r  19  Different  terrain  Profiles. 

1.  Introduction.  This  section  consists  of  on  album  of  calculated  performances 
for  19  different  non-ideal  terrain  proxies.  The  sfmdord  reference  used  to  predict  the 
applicability  of  the  various  image  glide-slope  systems  (null  reference,  sideband  reference, 
capture  effect)  in  the  presence  of  uneven  terrain  is  the  FAA  publication  "Siting  Criteria 
for  Instrument  Landing  Systems”.  [3]  Figure  3-12  of  this  publication  is  reproduced  as 
Figure  61  and  shows  5  classes  of  terrain  profile  types  with  the  predicted  applicability 
of  the  three  image  glide-slope  systems  for  each  profile. 
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Figure  rjfl .  View  of  the  VAoter-SooLed  Rap  Placed  on  the  Center 

Element  of  the  Lower  Antenna  of  the  Sideband  Reference 
Array  with  Integral,  Analog  Monitoring. 
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Figure  59.  View  of  tfe  Simulated  Antermo  Fault  Lhing  a 

12"  *  24"  (3  4"  mesh)  |  30.5cm  *  61  ,0cm  1  .9cm 
me*h)|  Screen  Over  the  Center  Element  of  the 
Lower  An*enna . 


Figure  60.  A  View  of  the  Wire  Loop  Placed  7*'  (17.8cm)  Above  the 
Center  Dipole  Element  of  the  Lower  Anfenno. 
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During  the  t:me  which  has  elapsed  since  this  classificafion  was  mode,  significant 
Improvement  in  the  capability  to  predict  mathematically  the  performance  of  glide-slope 
systems  in  the  presence  of  uneven  terrain  has  been  made.  [4]  Perhaps  the  most  efficient 
ond  accurate  of  these  mathematical  models  is  the  Geometrical  Theory  of  Diffraction  (GTD) 
model  recently  developed  at  Ohio  University  and  described  in  reference  [4]  above.  This 
model  has  been  compared  with  octual  flight  measurements  on  several  occasions  and  has 
been  found  to  be  occurate  when  properly  applied,  t  5,6,7  ]*  With  this  model  the  terrain 
is  described  two-dimensional ly  as  indicated  in  Figure  62,  thus  making  it  ideal  for  appli¬ 
cation  to  the  two-dimensional  terrain  profiles  used  to  define  the  5  site  classes  in  Fi^jre 
61.  All  of  the  calculated  results  presented  in  this  album  were  obtained  using  the  GTD 
reflection  model. 

This  album  contains  o  substantial  amount  of  detailed  information.  Considering 
the  performance  curves,  dephosing  curves,  and  antenno  and  composite  lobe  patterns, 
eoch  profile  considered  results  in  32  curves  drawn  on  10  different  graphs,  for  a  total 
of  608  curves  on  190  graphs.  In  oddition,  tobies  of  path  angle,  width,  ond  symmetry 
ore  given  for  eoch  profile  for  all  of  the  phase  conditions  investigated,  and  the  optimum 
phasing  ond  sideband  power  (A  ratio)  are  given  for  eoch  system.  This  album  is  designed 
to  be  on  engineer's  tool  to  be  applied  to  siting  and  optimizing  image-type  I L S  glide- 
slope  systems. 

The  predictions  in  this  album  correlate  quite  well  with  those  in  Figure  61  regard¬ 
ing  applicability  of  the  different  systems  to  specific  site  types.  It  must  be  pointed  out, 
however,  that  site  types  2,3,  and  5  include  on  infinite  number  of  different  terrain 
profiles,  and  the  results  obtained  for  the  few  representative  ones  considered  in  this 
album  probably  do  not  include  all  of  the  various  effects  which  might  be  encountered 
in  octual  installations.  Despite  this,  it  seems  likely  that  an  engineer  foced  with  the 
task  of  choosing  the  best  glide-slope  system  to  install  at  a  particular  site  might  find  it 
useful  and  informative  to  locate  the  terrain  profile  in  this  u'bum  which  most  closely 
resembles  the  actual  site  ond  consider  the  performance  predictions  given.  Even  after 
the  system  is  chosen,  problems  with  phasing  the  system,  setting  antenna  heights,  adjust¬ 
ing  the  sideband  power  for  correct  width,  and  for  capture  effect,  successfully  completing 
the  phase  verification  procedure,  may  be  avoided  or  mitigated  after  reference  to  the 
calculations  contained  in  this  album. 

2.  Modeling  Parameters.  The  terrain  is  assumed  to  vary  two-dimensionally 
as  indicated  in  Figure  6?,  with  tWc  ground  contour  determined  by  the  particular  terrain 
profile.  The  ground  is  assumed  to  be  perfectly  conducting,  a  reasonably  good  approxi¬ 
mation  for  the  horizontally  polarized  waves  ond  small  grazing  ongles  encountered  in 
glide-slope  modeling  calculations . 

The  antenna  positions  arc  held  constant  for  all  of  the  calculations  and  are  given 
in  Table  4o.  They  ore  chosen  to  give  a  3.0°  path  angle  on  an  ideal,  horizontal  sitr 
All  angles  are  measured  at  the  base  of  the  mast  and  are  with  respect  to  the  horizon. 


*  Also  see  Section  IIA  of  this  report. 
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2  of  6 

AO 

A076  55ft 


Null  Reference 


14.13 


28.26 


Sideband  Reference 

7.06 

21.18 

Capture  Effect 

14.13 

28.26 

42.39 

Mmt  Located  400  ft.  from  fonway  Centerline 

Frequency:  332  MHx 

1  ft.  -  0.3048m 
1  ft.  *  0.337  wavelengths 


Table  4o.  Glide  Slope  Parameters. 
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The  signal  powsrt  dalivarad  to  eoch  antenna  are  glvan  in  Tabla  4b.  The  poiww 
arm  normalized  to  I  watt  carrier  power  delivered  to  tbe  lower  antenna,  but  may  be  linearly 
scaled  to  any  power  level.  The  sideband  power  is  od  jus  ted  for  each  terrain  profile  to  give 
a  0.70*  path  width  when  possible.  The  resetting  A  ratio  Is  given  In  the  parameter  tobies 
for  eoch  profile,  and  can  be  readily  converted  to  sideband  power  into  each  antenna  using 
the  formula  given  in  Table  4b.  OB] 

Before  determination  of  the  A  ratio  the  antennas  are  phased  so  that  the  total 
signal  from  each  antenna,  including  ground  reflections,  is  in  phase  at  a  point  1.0* 
above  horizontal  and  1000*  (300m)  directly  obove  the  runway  centerline  (extended). 

This  would  correspond  to  using  airborne  phasing  at  an  octual  site.  All  phasing  perturbations 
arm  given  relative  to  this  initial  antenna  phasing  determination,  which  is  included  in  the 
parameter  table  for  eoch  profile.  It  is  evident  that  phasing  the  cm  ten  nos  using  this 
criterion  often  results  in  o  system  that  does  not  have  symmetrical  changes  in  path  width 
when  dephasing  plus  and  minus  symmetrically  or,  in  the  case  of  the  capture  effect  system, 
will  not  seemingly  satisfy  the  phasing  verification  procedure.  Consideration  of  the  very 
rough  radiation  patterns  which  result  from  the  uneven  terrain  reflections  indicates  that 
the  effects  of  dephasing  will  not  be  the  some  for  uneven  terrain  as  for  perfectly  flat, 
horizontal  ground.  Thus  phasing  the  system  for  minimum  path  width,  or  symmetrical 
width  changes,  or  to  satisfy  the  phase  verification  procedure  will  result  in  different 
relative  phases  when  the  terrain  is  uneven.  The  phasing  technique  chosen  (airborne 
phasing)  is  commonly  applied  in  the  field  due  to  its  relative  simplicity,  and  is  simple 
to  apply  on  the  computer  as  well. 

3.  Results.  The  19  different  terrain  profiles  included  in  this  album  are 
described  in  Figures  6j  through  67.  Eoch  profile  is  given  a  number,  and  the  results 
are  organized  by  number.  To  use  the  album,  find  the  profile  of  interest,  and  look  bock 
in  the  results  section  for  the  table  and  curves  pertaining  to  that  profile  number. 

For  eoch  profile  the  following  curves  are  calculated  and  plotted: 

(a)  Flyability  (low  approoch)  for  Null  Reference,  Sidebond  Reference,  Capture  Effect. 
The  simulated  oircraft  is  flown  above  the  runway  centerline  from  30,000'  (9000m)  to 
1000'  (300m)  from  the  point  opposite  the  antenna  mast  at  a  constant  3.0*  angle  (measured 
with  respect  to  horizontal  at  the  base  of  the  mast).  The  plot  is  of  Course  Deviation  In¬ 
dication  in  microomperes  vs.  distance.  The  sideband  power  (A  rotio)  ond  phasing  is  as 
indicated  in  the  corresponding  table.  The  effects  of  CDI  meter  damping  are  not  included. 

(b)  Level  Run  f yr  NR,  S8R,  CE  Systems.  The  systems  are  phased  as  described  obove 
and  the  A  rotio  is  set  (when  possible)  for  a  0.70*  path  width.  The  sinxjloted  oircraft  is 
flown  1000*  (300m)  above  the  runway  centerline  (extended)  at  angles  from  1.0  to  4. 5* 
above  the  horizontal.  The  plot  is  of  CDI  vs.  cmgle. 

(c)  Level  Run  for  NR  with  System  Dephasing.  The  lower  antenna  it  dephased  *15, 

-15,  *30,  and  -30*  and  a  level  run  as  in  (b)  is  simulated  for  eoch  c<se.  The  normal 
phasing  cote  is  also  repeated  from  (b)  for  comparison.  CDI  vs.  ongle  it  plotted. 
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Signal  Powers  (in  watts) 

CSB 

S&O 

Clearance 

Null  Reference 

Lower  Antenna 

1.0 

0.0 

0.0 

Upper  An  ten  no 

0.0 

PSBO 

0.0 

Sideband  Reference 

Lower  Antenna 

1.0 

pSBO 

SBO 

0.0 

Upper  Antenna 

HI 

0.0 

Capture  Effect 

■■ 

^  pSBO 

iP»o 
a  SBO 

Lower  Antenna 

.0375 

Middle  Antenna 

0.0 

Upper  Antenna 

mm 

.0375 

P„  _  -  A2  .  (0.4)2  •  (.80235)2  where  AlilUA  ratio 
->oU 


Measured  with  average-responding  meter  (i .  e. ,  Bird  or  Vector 
Voltmeter)  at  the  antenna  input. 

Modulation  Indices:  0.4  for  Carrier,  0.9  for  Clearance 


Table  4b 


Glide  Slope  Parameters 


Figure  64.  Dimensions  of  Terrain  Profiles  2  through  5  Included  in  this  Album  which 
Classified  as  Type  *2  Sites. 


Sit*  Type  *3:  Terrain  Slope*  Upward*  Below  Ini  Hoi  Terrain  Projected. 


Figure  65.  Dimension*  of  Terrain  Profiles  6  through  9  Included  in  this  Album  which 
Classified  as  Type  f)  Site*. 


p*>  It 


Included  in  ff»l»  Album  which  or* 


(d)  Level  ton  for  NR  —  Carrier  (•<;,)  and  Sideband  (eM)  Signal*  v*.  Elevation  Angle 
for  a  1000'  (300m)  Level  ton.  Note  that  the  lignal  level*  increase  with  elevation  angle 
lince  the  receiver  i*  approaching  clo*er  to  the  antenna*.  (The  NR  antenna  pattern*  ore 
included  in  plot  j . ) 

(e)  Level  ton  for  SBR  with  System  Depha*ed.  Some  a*  (c)  previou*  page  but  for 
jidebond  reference  system. 


(f)  Level  ton  for  SBR  --  Carrier  (ec|)  and  Composite  Sideband  (eM)  Signals  v*. 
Elevation  Angle. 


(g)  Level  ton  for  SBR  —  Normalized  Antenna  Patterns.  Signals  rodiated  by  upper 
and  lower  SBR  antennas  with  each  radiating  the  some  power  as  measured  by  a  simulated 
aircraft  flying  at  1000'  (300m)  above  the  runway  centerline  (extended)  with  all  ground 
reflections  included. 


(h)  Level  ton  for  CE  —  Phasing  Verification.  The  middle  antenna  is  dephased  +1  5  and 
-15°,  and  the  sideband  sicy^al  into  all  three  antennas  is  dephasing  +30  and  -30°.  This 
corresponds  to  the  phase  verification  procedure  in  the  United  States  Standard  Flight  In¬ 
spection  AAanual.  [9]  The  normal  phasing  case  is  also  repeated  for  comparison.  The 
aircraft  is  flying  at  1000'  (300m)  above  the  runway  centerline  extended. 


(i)  Level  Run  for  CE  —  Composite  Corrier  (eCJ)  and  Composite  Sideband  (eM)  Signals 
vs.  Elevation  Angle. 


(j)  Level  ton  for  CE  —  Normalized  Antenna  Patterns.  Some  as  (g)  above.  Since 
the  antenna  heights  are  identical,  this  plot  also  contains  the  Null  Reference  antenna 
patterns. 


In  addition  to  the  graphical  data  described  above,  a  table  containing  path  angle, 
width,  and  symmetry  for  each  phasing  condition,  the  A  rotio  required  to  obtain  a  0.70° 
width,  ond  the  relative  antenna  current  phasings  used,  is  given  for  each  profile.  The 
tabulated  path  angle  is  the  highest  «sgle  for  which  zero  CDI  occurs  on  the  level  run 
simulation. 
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•a*  Ratio,  N*  .100 

»i 

iOO 

Cl  GS  _ 

■  XX) 

Relative  P*v»«  NJ^43GS 

up***r_ 

0* 

Middl* 

0* 

lo«r*f  0* 

SBt 

u*>~ 

0* 

lower 

0* 

Table  5.  Terrain  Profile  *  t. 
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runway  canherline  (attended) 


5 


3.35 


Figure  68b.  Calculoted  Curve*  of  CDI  v*.  Angle  for  the  Three  Imoge  Type  Glide- 
Slope  Syiterre  for  Terroin  Profile  'I,  The  tirouloted  oircroft  it  flying 
at  o  conitont  1000  ft.  oltitude  above  the  runway  centerline  (extended). 


Panned  o»  in  Toble  5 


Elevation  Angle  (Degree*) 

Figure  6Se.  Calculated  Curve*  of  CDl  v*.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phasing  (a*  Indicated  in  Table  5)  and  Various  Amount* 
of  Dephaiing  for  Terroin  Profile  *1.  The  simulated  oir craft  is  flying  at 
o  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 


Sideband  Signal  (ev 
Carrier  Signal  («cj) 


Figure  68f.  Calculated  Curve*  of  Corner  and  Composite  Sideband  Signal*  v*.  Angle  for  the  Sic 
Reference  Glide  Slope  for  Terroin  Profile  *1.  The  limulated  aircraft  it  flying  at  a 
1000  ft.  altitude  above  the  runway  centerline  (extended). 


•pnjtlAuy  •*HO|n 


5 


3.35 


Figure  68h.  Calculated  Curvet  of  CD  I  vt.  Angle  far  the  Capture  Effect  Glide 

Slope  with  the  Normal  Phasing  (at  Indicated  in  Tcfele  5)  and  Dephoied 
According  to  the  Flight  Inspection  Manual  fhat  Verification  Procedure 
for  Terrain  Profile  *1.  The  simulated  olrcrtdt  It  flying  at  a  constant 
1000  ft.  altitude  above  the  runway  centerline  (extended). 


1.0  2.0  3.0  4.0 

Elevation  Angle  (Degree*) 

Figure  68i.  Calculated  Curves  of  Composite  Carrier  and  Sideband  Signals  vs.  Angie  for  the  Capture  Effect 
Glide  Slope  for  Terrain  Profile  *  i.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft. 
altitude  above  the  runway  centerline  (extended). 


1.0  2.0  3.0  4.0 

Elevation  Angle  (Degrees) 

Figure  68 j .  Calculated  Normalized  Antenna  Patterns  vs.  Angle  for  the  Capture  Effect  and  Null  Reference 
Systems  for  Terrain  Profile  *1.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 


Poffe 

Angle 

Width 

Angle 

♦  75  »A 

•75  h  A 

Symmetry 

— 

Nocr-*ol  P^aeing 

3.17 

.70 

;.7> 

m 

.44 

S«J#C>orvj  tim(0*9r>Q9 

mmnru 

.70 

7.75 

3.45 

.45 

~ZIZI - 

mx-im 

mum 

3.40 

.46 

Null  S»le»*n<»  D»pN»*d 

3.15 

m 

7.78 

3.45 

.45 

♦15’  lowet  *nl»f»o 

■3^11"  1  1 . -"— 

mjuM 

077 

J.7S . 

3.4? 

.43 

♦30*  loee#f  Antenno 

—03 

.76 

mutt* i 

i.l  i 

.45 

Biawsai 

U1 

*»**» 

W&JHI 

HJH 

SB  S  Dwhoud 

3.10 

.66 

7.73 

Hi 

.46 

♦15*  lo«Wf  Antenno 

-15*  lower  Anter vno 

■UUH 

.80 

^.W 

on 

.44 

■EKU 

.74 

7.61 

3.34 

•  4j 

jKMUlilliiUulJHi 

»»« 

UjrjjNt'si 

ntn 

■JLdHI 

Cl  GS  r>epK<»ed 

3.09 

.87 

7.57 

M 

.40 

♦15*  Middle  Anf^'vs 

■nmTani  i.'.l  i 

.68 

7.71 

3.39 

.46 

♦55*  HZ 

— T58- 

.85 

7.64 

3.49 

.48 

— -J6T  U6 - 

m&m 

?.6fl 

V*5 

*A*  Ratio;  NR  .  ?66 

MR 

.787 

aGS  .340 

Relotive  PN»e  NltCtOS 

Uppw_ 

-8.3* 

Middle  0* 

lower  ?.  5* 

Relative  PK<»e  SB*! 

Upp*'_ 

0* 

Low  -1.4* 
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10,000  20,000  30,000 

Distance  from  Antenna  Most  (Feet) 

Figure  69a.  Calculated  Curves  of  CDI  vs.  Distance  for  the  Three  Imoge  Type  Glide  Slope  Systems 

for  Terroin  Profile  * 2 .  The  simulated  aircraft  is  flying  a  constant  3.0  degree  low  approoch 
over  the  runway  centerline  (extended). 


CDI  (pA)  150  Hz 


-  Null  Reference 

______  Sidebond  Reference 

_  _  _  Capture  Effect 


2.0  |  3.2 


Elevation  Angle  (Degree*) 

Figure  69b.  Calculated  Curve*  of  CDI  v*.  Angle  for  tKe  Three  Imoge  Type  Glide 
Slope  Sy»te*»»  for  Terrain  Profile  9  2.  The  *imuloted  oircraft  i»  flying 
at  a  constant  1000  ft.  altitude  obove  the  runway  centerline  (extended). 


CDI  (uA)  1 50  Hi 


Ptxaed  oj  in  Toble  6 


Lower  Antenna  ♦15* 


Lower  Antenna  -15* 


Lower  Antenna  ♦30* 


Lower  Antenna  -30* 


2.8  3.2 


Elevation  Angle  (Degrees) 


Figure  69c.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Null  Reference  Glide 

Slope  with  the  Normal  Phasing  (as  Indicated  in  Table  6)  and  Various 
Amounts  of  Dephasing  for  Terrain  Profile  *2.  The  simulated  aircraft 
it  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline 
(extended). 


Elevation  Angle  (Degrees) 

Figure  69e.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phaiing  (a*  Indicated  in  Table  6)  and  Various  Amounts 
of  Dep hating  for  Terrain  Profile  *2.  The  simulated  oircraft  is  flying  at 
a  constant  1000  ft.  altitude  obove  the  runway  centerline  (extended). 
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E levotl on  Angle  (Degree*) 

Figure 69S.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Capture  Effect  Glide 

Slope  with  the  Normal  Phating  (at  Indicated  in  Table  6)  and  Dephoted 
According  to  the  Flight  Inspection  Manual  Phate  Verification  Procedure 
for  Terroin  Profile  *2.  The  li mutated  aircraft  ii  flying  at  o  constant 
1000  ft.  altitude  obove  the  runway  centerline  (extended). 


Elevation  Angle  (Degree*) 

Figure  69i.  Calculated  Curve*  of  Compo*ite  Carrier  and  Sideband  Signals  v*.  Angle  for  the  Capture  Effect 
Glide  Slope  for  Terrain  Profile  * 2 .  The  simulated  oircraft  i*  flying  at  a  constant  1000  ft. 
altitude  obove  the  runway  centerline  (extended). 
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1.0  2.0  3.0  4.0 

Elevation  Angle  (Degree*) 

Figure  69 j.  Calculated  Normolixed  Antenna  Pattern*  v».  Angle  for  the  Capture  Effect  and  Null  Reference 
System  for  Terrain  Profile  *2.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  olHtude 
above  the  runway  centerline  (extended). 
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Elevotlar  Angle  (Degree*) 

Figure  ?0b.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Three  Imoge  Type  Glide  - 
Slope  Systems  for  Terrain  Profile  '3.  The  simulated  aircraft  is  flying 
at  a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Elevation  Angle  (Degrees) 

Figure  70c.  Colculoted  Curves  of  CDI  Vt.  Angle  for  the  Null  Reference  Glide 

Slope  with  the  Normal  Phasing  (as  Indicated  in  Table  7)  ond  Various 
Amnjnts  of  Dephasing  for  Terrain  Profile  *3.  The  simulated  oircraft 
it  flying  ot  a  constant  1000  ft.  oltitude  above  the  runway  centerline 
(extended). 
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Figure  70e.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Ph<*ir*g  (as  Indicated  in  Table  7)  and  Various  Amounts 
of  Dephasing  for  Terrain  Profile  *3.  The  simulated  aircraft  is  flying  at 
o  constant  1000  ft.  altitude  obove  the  runway  centerline  (extended). 


Elevation  Angle  (Degree*) 

Figure  ?0g.  Calculated  Normalized  Antenna  Patterns  vs.  Angle  for  the  Sideband  Reference  System  for 
Terrain  Profile  *3.  The  simulated  aircraft  is  flying  at  a  constixit  1000  ft.  altitude  above 
the  runway  cenferline  (extended). 
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Figure  70b.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Capture  Effect  Glide 

Slope  wltb  the  Normal  PHaiing  (a*  Indicated  in  Toble  ?)  and  Depha*ed 
According  to  the  Flight  ln*pection  Manual  Pha*e  Verification  Procedure 
for  Terrain  Profile  *3.  The  timulated  aircraft  1*  flying  of  a  con*tant 
1000  ft.  altitude  above  the  runway  centerline  (e*tended). 
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Table  8.  Terrain  Profile  #4. 
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Figure  71a.  Calculated  Curvet  of  CDI  vt.  Dittance  for  the  Three  Imoge  Type  Glide-Slope  Syttemi 

for  Terrain  Profile  #4.  The  timuloted  aircraft  it  flying  a  comtont  3.0  degree  low  approocb 
over  the  runway  centerline  (extended). 
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EI«votiar>  Aogl#  (D*gr#»f) 

jlculofed  Curvet  of  COI  vi.  Angle  for  the  Three  Imoge  Type  Glide, 
ope  Syttems  for  Terrain  Profile  #4.  The  tlmuloted  oircraft  it  flying 
o  corn  font  1000  ft.  altitude  above  the  runway  centerline  (extended) 
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Figure  7lc.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Null  Reference  Glide 

Slope  with  the  Normal  Phasing  (a*  Indicated  in  Table  8)  ond  Various 
Amounts  of  Depbasing  for  Terrain  Profile  *  4.  The  simulated  aircraft 
is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline 
(extended). 
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Figure  71  e.  Calculated  Carve*  of  CDI  v*.  Angle  for  tKe  Sideband  Inference  Glide 

Slope  with  Normal  Pooling  (a*  Indicated  in  Table  8)  and  Voriout  Amount* 
of  DepKating  for  Terroin  Profile  *4.  TVie  limulated  aircraft  i*  flying  at 
o  con*tont  1000  ft.  oltitude  above  tbe  runway  centerline  (extended). 
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flevotlar  Angle  (Degrees) 

Figure  7 1 H .  Calculated  Curve!  of  CDI  vi.  Angle  for  the  Capture  Effect  Glide 

Slope  with  tKe  Normal  Phasing  (aj  Indicated  in  Table  8)  ond  Dephased 
According  to  the  Flight  Inipection  Manual  Phase  Verification  ProcerAtre 
for  Terrain  Profile  #4,  The  limuloted  aircraft  ii  flying  at  a  comtant 
1000  ft.  altitude  obove  the  runway  centerline  (entended). 
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Elevation  Angle  (Degree*) 

Figure  7 1  j .  Calculated  Normalized  Antenna  Pattern*  vi.  Angle  for  the  Capture  Effect  and  Null  Reference 
Syttemt  for  Terrain  Profile  *  4.  The  simulated  aircraft  i>  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 


Table  9.  Terroin  Profile  #5 
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for  Terrain  Profile  *  5.  The  simulated  aircraft  it  flying  a  constant  3.0  degree  I 
over  the  runway  centerline  (extended). 
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E  levo*i  on  Angle  (Degree*) 

Figure  72c.  Colauloted  Curve*  of  CDI  v».  Angle  for  tbe  Null  Reference  Glide 

Slope  witft  tbe  Normal  PKaiing  (at  Indicated  in  Toble  9)  and  Voriou* 
Amount*  of  DepKaiing  for  Terroin  Profile  *  5.  THe  timulated  aircraft 
i*  flying  at  a  conjtont  1000  ft.  altitude  above  tbe  runway  centerline 
(extended). 
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Elevation  Angle  (Degree*) 

Figure  Calculated  Curve*  of  Carrier  ond  Sidebond  Signal*  v».  Angle  for  the  Null  Reference  Glide 

Slope  for  Terrain  Profile  *  5.  The  limulated  aircraft  it  flying  at  a  conttont  1000  ft.  altitude 
above  the  runway  centerline  (extended). 
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Lower  Antenna  -30* 
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Figure  7?e.  Calculated  Curves  a#  CDI  v*.  Angle  for  the  Sidebond  Deference  Glide 

Slope  with  Normal  Phasing  (as  Indicated  in  Toble  9)  ond  Vorious  Amounts 
of  Dephasing  for  Terrain  Profile  *  5.  The  simulated  oircraft  is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  7?g.  Colculoted  Normalized  Antenna  Pattern*  vs.  Angle  for  the  Sideband  Reference  System  for 
Terrain  Profile  1  5.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  obove 
the  runway  centerline  (extended). 
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Figure  72h.  Calculated  Curve*  of  CDI  v».  Angle  for  the  Capture  Effect  Glide 

Slope  with  the  Normal  Phasing  (at  Indicated  in  Table  9)  and  DephaMd 
According  to  the  Flight  Intpection  Manual  PhaM  VerificaHon  Procedure 
for  Terrain  Profile  *  5.  TKe  *imuloted  aircraft  i*  flying  at  o  constant 
1000  ft.  altitude  obove  the  runway  center'ine  (extended). 


Elevation  Angle  (Degree*) 

Calculated  Curve*  of  Composite  Carrier  ond  Sidebond  Signal*  v*.  Angle  for  the  Capture  Effect 
Glide  Slope  for  Terrain  Profile  *  5.  The  simulated  aircraft  i*  flying  ot  a  constant  1000  ft. 
altitude  obove  the  runway  centerline  (extended). 


Elevation  Angle  (Degree*) 

Figure  72j.  Calculated  Normalized  Antenna  Pottemj  vs.  Angle  for  the  Capture  Effect  ond  Null  Reference 
Systems  for  Terrain  Profile  *  5.  The  simulated  aircraft  Is  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 
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10.  Terrain  Profile  *6. 
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PKoicd  a*  in  Table  10 
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Fi^ire  3c.  Colculofed  Curve*  of  CDI  vs.  Angle  for  tbe  Null  Reference  Glide 
Slope  with  the  Normal  Phaiing  (cb  Indicated  in  Table  1 0)  and  Various 
Amount*  of  Dephaiing  for  Terrain  Profile  *6.  The  simulated  oircrrrft 
it  flying  of  a  coni  font  1000  ft.  altitude  above  the  runway  centerline 
(extended). 


Elevation  Angle  ^Degreet) 

Figure  73d.  Calculated  Curvet  of  Carrier  and  Sideband  Signali  vi.  Angle  for  fbe  Null  Reference  Glide  Slope  for  Terrain 

Profile  *6.  Tbe  timulated  aircraft  is  flying  at  a  comtant  1000  ft.  altitude  above  tbe  runway  centerline  (extended). 
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Figure  73e.  Colculoted  Curvet  of  CDI  v».  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phasing  (at  Indicated  in  Table  10)and  Various  Amount* 
of  Dephatlng  for  Terroin  Profile  *6.  The  simulated  aircraft  is  flying  at 
a  constont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  73f.  Colculofed  Curvet  of  Carrier  and  Composite  Sideband  Signals  vs.  Angle  for  *be  Sideband  •’efe-ence  Glide 
Slope  for  Terrain  Profile  *6.  Tbe  simulated  aircraft  is  flying  at  a  constant  i  300  ft.  altitude  obove  tf>e 
•ynwoy  centerline  (e*tended). 
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Figure  73g.  Colculoted  Normoliied  Artenna  Pattern*  v*.  Angle  for  fbe  Sideband  Reference  Syitem  for  Terrain 
The  limulated  aircraft  ii  flying  at  o  conitont  1000  ft.  altitude  above  tbe  runway  centerline  (exteni 
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Elevation  Angle  (Degree*) 

Figure  73{.  Calculated  Normalized  Antenna  Pattern*  vj.  Angle  for  the  Capture  Effect  and  Null  Reference  Syttemi  for 

Terrain  Profile  * 6 .  The  simulated  aircraft  it  flying  ot  o  conitant  1000  ft.  altitude  above  the  runway  center- 
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Teble  1).  Terrain  Profile  *7. 
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Figure  74 b.  Calculated  Curvet  of  CDI  vs.  Angle  for  the  Three  Imoge  Type  Glide-Slap# 

Syttems  for  Terrain  Profile  *7.  The  timulafed  aircraft  it  flying  at  a  constant 
1000  ft.  altitude  obove  the  runway  renterlin*  (extended). 
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Figure  74c.  Calculated  Curves  of  CDI  v*.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  ll)and  Vorious  Amount* 
of  Dephasing  for  Terroin  Profile  *  7.  The  simulated  aircraft  is  flying  at 
a  constont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Phased  a*  in  Table  1  1 
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Elevation  Angle  (Degree*) 

Figure  74e.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Sidebond  Reference  Glide 

Slope  with  Normal  Phasing  (a*  Indicated  in  Table  I  !)ond  Variou*  Amount* 
of  Depbasing  for  Terrain  Profile  *  7.  The  simulated  aircraft  is  flying  at 
a  comtont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Elevation  Angle  (Degree*) 

Calculated  Curve*  of  Carrier  and  Composite  Sideband  Signal*  v*.  Angle  for  tHe  Sidetxnd  Reference  Glide  Sli 
for  Terrain  Profile  *7.  TVie  limulated  oircrcrft  it  flying  at  a  com  font  1000  ft.  altitude  obove  tHe  runway  cen 
line  (extended). 


Elevation  Angle  (Degree*) 

Figure  Calculated  Normalized  Antenna  Pattern*  vi.  Angle  for  tbe  Sideband  Reference  System  for  Terrain  Profile 

TVte  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  obove  tbe  runway  centerline  (extended). 
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Elevation  Angle  (Degree*) 

Figure  74i.  Calculated  Curve*  of  Composite  Corrier  ond  Sideband  Signal*  v*.  Angle  for  the  Copture  Effect  Glide  Slope 
for  Terrain  Profile  *  7.  The  »imulated  aircraft  i*  flying  at  a  comtont  1000  ft.  altitude  above  the  runway 
centerline  (extended). 


Elevation  Angle  (Degree*) 

Figure  74j.  Calculated  Normalized  An  ten  n  a  Pattern*  v*.  Angle  for  the  Capture  Effect  and  Null  Reference  System*  for 

Terrain  Profile  *7.  The  »imu loted  aircraft  I*  flying  at  a  constant  1000  ft.  altitude  obove  the  runway  center- 
line  (extended). 
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Figure  75c,  Colculated  Curvet  of  CDI  vt.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normol  Phating  (os  Indicated  in  Table  I  3°^  Voriout  Amount* 
of  Dephating  for  Terroin  Profile  *8.  The  timulated  aircraft  it  flying  at 
conttant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Elevation  Angle  (Degree*) 

Figure  7  5g.  Calculated  Normalized  Antenna  Pattern*  v*.  Angle  for  the  Si  debond  Reference  Syttem  for  Terrain  Profile  *8. 
The  timulated  aircraft  it  flying  at  a  constant  1000  ft.  altitude  abo/e  the  runway  centerline  (extended). 
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Figure  75b.  Calculated  Curvet  of  CDI  vs.  Angle  for  the  Capture  Effect  Glide  Slcoe 
with  the  Normal  Phasing  (os  Indicated  in  Table  12)and  Dephased  Acc.v 
to  the  Flight  Inspection  Monual  Phase  VerifTcation  Procedure  for  V 
Profile  * 8 .  The  simulated  aircraft  it  flying  ot  a  constont  1000  ft.  ji-  * 
above  the  runway  centerline  (extended). 
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Figure  76b.  Colculoted  Curve*  of  COI  vt.  Angle  for  the  Three  Imoge  Typo  Glide-Slope 
System*  for  Terrain  Profile  *9.  The  simuloted  oircraft  is  flying  ot  o  constant 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  76c.  Calculated  Curve*  of  CDI  vs.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  13)  and  Various  Amounts 
of  Depbaslng  for  Terrain  Profile  *9.  The  simulated  aircraft  Is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  76d.  Calculated  Curve*  of  Carrier  and  Sdebvtd  Siptals  vs.  Angle  for  the  Null  Reference  Glide  Slope  far  Terrain 
Profile  *9.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline  (ext 
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Figure  76e.  Calculated  Curvet  of  CDI  v*.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phasing  (at  Indicated  in  Table  13) and  Various  Amount* 
of  Depharing  far  Terrain  Profile  *9.  The  tlmulated  aircraft  it  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  76 f.  Calculated  Curves  of  Carrier  and  Composite  Sideband  Signals  vs.  Angle  for  the  Sideband  Reference  Glide  SI 
for  Terrain  Profile  *9.  The  simulated  oi'trtrff  is  flying  at  a  constat  1000  ft.  altitude  above  Ibe  runway  car 
line  (extended). 
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Figure  7 6g.  Calculated  Normalized  Antenna  Patterns  vs.  Angle  for  the  Sideband  Reference  System  for  Terrain  Profile  *9. 
The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  76K.  Calculated  Curve*  of  CDI  vt.  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Normal  Pharing  (as  Indicated  In  Table  13)  and  Dephaeed  According 
to  the  Flight  Inipectlan  Manual  Phase  Verification  Procedure  for  Terrain 
Profile  *9.  The  simulated  aircraft  I*  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 
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Table  1 4.  Terrain  Profile  *10. 


184- 


185- 


Figure  77a.  Celculoted  Curvet  of  CDI  vt.  Distance  for  the  Three  Imoge  Type  Glide  Slope  Syttane  for  Terrain  Profile  9  10. 

The  timulotad  oircraft  it  flying  o  conttanr  3.0  degree  low  approoch  over  the  rvnway  centerline  (extended). 
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Figure  77c.  Calculated  Curve*  a#  CDI  vt.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (a*  Indicated  in  Table  1 4)  and  Various  Amour 
of  Dephasing  for  Terrain  Profile  9 10.  The  simulated  oircrcdt  is  flying 
o  constant  1000  ft.  altitude  obeve  the  runway  centerline  (extended). 
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Figure  77%.  Calculated  Curve*  of  CDI  v».  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Pbaelng  (a*  Indicated  in  Table  1 4)  and  Varlou*  Amount* 
of  Depbadng  for  Terrain  Profile  9  10.  Tbe  *1  mulcted  aircraft  I*  flying  at 
o  constant  1000  ft.  oltllude  obove  tbe  runway  centerline  (extended). 
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Figure  77 f.  Calculated  Curves  of  Carrier  and  Composite  Sideband  Signols  vs.  Angle  for  fbe  Sideband  Reference  Glide  Sla( 
for  Terrain  Profile  *  10.  THe  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  obove  tbe  runway  cenl 
line  (extended). 
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Figure  77 g.  Calculated  Normalized  Antenna  Pattern*  vi.  Angle  for  tt*e  Sideband  Reference  System  for  Terrain  Profile  9  10 
The  fi mulcted  aircraft  is  flying  ot  a  constant  1000  ft.  altitude  obove  the  runway  centerline  (extended). 
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Figure  77h. 


Calculated  Curves  of  CDI  vs.  Angla  for  the  Capture  Effect  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  14)  and  Oephased  According 
to  the  Flight  Inspection  Manual  Phase  Verification  Procedure  for  Terrain 
Profile  * 10.  The  simulated  aircraft  it  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 
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Toble  15.  Terrain  Profile  *11. 
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Figure  78b.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Three  Imoge  Type  Glide-Slope 

Syitem*  far  Terrain  Profile  *11.  The  limuloted  aircraft  I*  flying  ot  a  constant 
1000  ft.  altitude  obove  the  runway  centerline  (extended). 
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Figure  78c.  Calculated  Curve*  of  CDI  vs.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  15)  and  Various  Amounti 
of  Dephasing  for  Terroin  Profile  *11.  The  simulated  aircraft  is  flying  at 
oconstont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Antenna  Pattern*  v».  Angle  for  tbe  Sideband  Reference  Sy*t*m  for  Terrain 
i  flying  of  o  constant  1000  ft.  altitude  above  tbe  runway  centerline  (exten< 
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Figure  78b. 
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Calculated  Curvet  of  CDI  v».  Angle  for  the  Capture  Effect  Glide  Slope 
with  tf>e  Normal  Footing  (at  Indicated  in  Toble  15)  and  Dephated  According 
to  fbe  Flight  Intpection  Manual  Pbote  Verification  Procedure  for  Terrain 
Profi  le  9  H  .  The  timuloted  aircraft  it  flying  at  a  conttant  1000  ft.  oltitude 
above  the  runway  centerline  (extended). 
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Figure  7 81.  Calculated  Curves  of  Composite  Carrier  and  Sideband  Signals  vs.  Angle  for  the  Capture  Effect  Glide  Slope 
for  Terrain  Profi  le  9  1 1 .  The  simulated  aircraft  is  flying  at  o  constant  1000  ft.  altitude  obove  the  runway 
centerline  (extended). 
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Toble  16.  Terroin  Profile  *  12. 
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Figure  79b.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Three  Image  Type  Glide-Slope 

Syitem*  for  Terrain  Profile  *  12.  The  *imulated  aircraft  it  flying  of  a  comtont 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  79c.  Calculated  Curves  of  CDI  vs.  Angie  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  16)  and  Various  Amounts 
of  Dephasing  for  Terrain  Profile  *  12.  The  simulated  aircraft  Is  flying  ot 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  7<?d.  Calculated  Curve*  of  Carrier  and  Sideband  Signals  vs.  Angle  for  tbe  Null  Reference  Glide  Slope  for  Terrain 

Profile  *  12.  The  simulated  aircraft  is  flying  at  a  constcnt  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  79b.  Colculoted  Curve*  of  CDI  v».  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Niormol  Phajing  (o*  Indicated  in  Toble  16)  and  Depha»ea  According 
to  the  Flight  ln*pection  Manual  Pba»e  Verification  Procedure  for  Terrain 
Profile  *  12.  The  simulated  oircroft  it  flying  ot  a  constant  1CXX)  ft.  altitude 
above  the  runway  centerline  (extended). 
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Calculated  Normalized  Antenna  Pattern*  v*.  Angle  for  the  Capture  Effect  and  Null  Reference  Systems  for 
Terrain  Profile  *  12.  The  simulated  oircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway 
centerline  (extended). 


Calculated  Curvet  of  CDI  vs.  Distance  for  the  Three  Image  Type  Glide  Slope  Systems  for  Terrain  Profile  * 
The  simulated  aircraft  is  flying  a  constant  3.0  degree  low  approoch  over  the  runway  centerline  (extended) 
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Figure  80b.  Colculoted  Curvet  of  CDI  vt.  Angle  for  f+te  Three  Image  Type  Glide-Slope 

Systemt  for  Terroin  Profile  *13.  The  timuloted  aircraft  it  flying  of  o  conitant 
1000  ft.  oltitude  obove  the  runway  centerline  (e*tended). 
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Figure  80c.  Colculoted  Curves  of  CDI  vs.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (os  Indicated  in  Table  17)  and  Various  Amounts 
of  Depnasing  for  Terroin  Profile  *  13.  The  simulated  oircraft  is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  80e.  Calculated  Curves  of  CDI  v».  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phasing  (as  Indicated  in  Toble  17)  ond  Various  Amounts 
of  Dephasing  for  Terrain  Profile  ^  13.  The  simulated  aircraft  is  flying  at 
a  constont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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80f .  Calculated  Curve*  of  Carrier  ond  Composite  Sidebond  Signal*  v*.  Angle  for  the  Sideband  Reference  Glide  Slo 

for  Terrain  Profile  *  13.  The  jimuloted  oircraft  i*  flying  at  a  con* tort  1000  ft.  altitude  above  the  runway  cen 
line  (extended). 
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Figure  80b.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Capture  Effect  Glide  Slope 

<vitb  the  Normol  Phasing  (as  Indicated  in  Table  17)  and  Depbased  According 
to  tbe  Flight  Inspection  Manual  Phase  Verification  Procedure  for  Terrain 
Profile  *  13.  The  simulated  aircraft  is  flying  at  o  constant  1000  ft.  altitude 
obove  the  runway  centerline  (entended). 
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Figure  80i.  Calculated  Curve*  of  Composite  Carrier  and  Sidebond  Signal*  v*.  Angle  for  fbe  Capture  Effect  Glide  Slope  for 
Terrain  Profile  *  13.  The  timulated  aircraft  it  flying  at  a  conttont  1000  ft.  altitude  above  tbe  runwray  center- 
line(extended). 
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Figur*80j.  Calculated  Normallx*d  Anterrvo  Pattern*  v*.  Angl*  for  fh#  Capture  Effect  and  Null  R*f*r«nc*  Systems  for 
Tarroin  Profit*  *13.  TK*  simulated  aircraft  it  flying  at  a  constant  1000  ft.  alHtud*  abov*  tK*  runway 
C*nterlin*  (*xtend*d). 
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Calculated  Curves  of  CDI  vs.  Distance  for  the  Three  Imoge  Type  Glide  Slope  Systems  for  Terrain  Profile  *14 
The  simulated  oircrrft  is  flying  a  constant  3.0  degree  low  approoch  over  the  runway  centerline  (extended). 
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Calculated  Curve*  of  CDt  v».  Angle  for  the  Three  imoge  Type  Glide -Slope 
Systems  for  Terrain  Profile  *  14.  The  simulated  aircraft  is  flying  of  a  constant 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  81c.  Calculated  Curvet  of  CDI  vt.  Angle  for  tbe  Null  Reference  Glide  Slope 
with  tbe  Normal  P Hating  (at  Indicated  in  Table  18)  and  Voriout  Amount* 
of  Depboting  for  Terroin  Profile  *  14.  Tbe  timuloted  oircraft  i*  flying  ot 
a  conttant  1000  ft.  oltifc/de  obove  tbe  runway  centerline  (extended). 
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Figure  8le.  Calculated  Curve*  of  CDI  v*.  Angle  for  tbe  Sideband  Reference  Glide 

Slope  with  Normal  P Hating  (os  Indicated  in  Table  18)  and  Variout  Amount* 
of  Depbaiing  far  Terroin  Profile  *14.  The  simulated  aircraft  I*  flying  at 
a  constant  1000  ft.  altitude  above  tfte  runway  centerline  (extended). 
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Figure  8 1 K .  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Normal  Phasing  (a*  Indicated  in  Table  18)  and  De phased  According 
to  the  Flight  Inipection  Manual  Phase  Verification  Procedure  for  Terroin 
Profile  *  14.  The  simulated  aircraft  is  flying  at  o  constant  1000  ft.  oltitude 
obove  the  runway  centerline  (extended). 
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Calculated  Curves  of  CDI  v».  Distance  for  the  Three  Image  Type  Glide  Slope  Systems  for  Terrain  Profile  *  15. 
'He  simulated  oircroft  is  flying  a  constant  3.0  degree  low  approach  over  the  runway  centerline  (extended). 
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8?b.  Calculated  Curve*  of  CDI  v».  Angle  for  the  Three  Image  Type  Glide-Slope 

Syifcm*  for  Terrain  Profile  *  15.  The  limu luted  aircraft  i»  flying  at  a  camtanf 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  82c.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Null  Reference  Glide  Slope 
with  tfve  Normal  Phajing  (a*  Indicated  in  Table  19)and  Variout  Amcxint* 
of  Dephasing  far  Terrain  Profile  *  15.  The  simulated  aircraft  i*  flying  at 
a  conitant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  82d.  Colculot*d  Curv**  of  Carrier  and  Sideband  Signal*  v».  Angle  for  the  Null  Reference  Glide  Slog*  far  T*rrom 

Profile  *  15.  TH*  ti  mutated  aircraft  it  flying  at  a  conttant  1000  ft.  altitude  obov*  tb*  runway  c*nt*rlln*  (extended). 
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Figure  8?g.  Calculated  Normalized  Antenna  Pattern*  v*.  Angle  for  Hie  Sideband  Reference  $y,tem  for  Terrain  Profile  *  15. 
The  limulated  aircraft  i*  flying  at  a  conjtont  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  82b.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Normal  Phasing  (as  Indicated  in  Tcfcfe  19) and  De  phased  According 
to  the  Flight  Inspection  Manual  Phase  Verification  Procedure  for  Terroin 
Profile  *  15.  The  simulated  oircraft  is  flying  at  a  constant  1000  ft.  oltitude 
above  the  runway  centerline  (ex tended). 
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Figure  82i.  Calculated  Curves  of  Composite  Carrier  and  Sidtband  Signals  vs.  Angle  for  the  Capture  Effect  Glide  Slope  for 
Terrain  Profile  *  1  5.  The  simulated  aircraft  is  flying  ot  o  constant  1000  ft.  altitude  above  the  runway  center- 
line  (extended). 
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Figure  83a.  Calculated  Curves  of  CDI  vs.  Distance  for  the  Three  Image  Type  Glide-Slope  Systems  for  Terrain  Profile  #16. 

The  simulated  aircraft  is  flying  o  constant  3.0  degree  law  approoch  over  the  runway  centerline  (extended). 
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Figure  81c,  Calculated  Curve*  of  CDI  vi.  Angle  for  tbe  Null  Reference  Glide  Slope 
with  tbe  Normal  Pbojing  (m  Indicated  in  Table  ?0)  and  Vom'oui  Amount! 
of  Depbaiing  for  Terrain  Profile  1 16.  Tbc  timuloted  aircraft  if  flying  of 
o  comtant  1000  ft.  altitude  above  tbe  runway  centerline  (e>  tended). 
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Calcu lated  Curve*  of  Composite  Carrier  and  Sidebond  Signali  v*.  Angle  for  tf>e  Capture  Effect  Glide  S»- 
Terrain  Profile  *16.  THe  timyloted  aircraft  ii  flying  of  a  conitonf  1000  ft.  altitude  obove  tHe  runaway  a 
line  (extended). 
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Fi^re  83 j.  Calculated  Normalized  Antenna  Pattern*  v*.  Angle  for  the  Capture  Effect  and  Null  Reference  Sy*tem*  for 
Terrain  Profile  *  16.  The  *imulated  aircraft  it  flying  at  a  conjtant  1000  ft.  altitude  above  the  runway 
centerline  (extended). 
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Toble  21.  Terroin  Profile  #17 
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Figure  84b.  Calculated  Curve*  of  CDI  v».  Angle  for  the  Three  Image  Type  Glide-Slope 

Syiferrs  for  Terrain  Profile  *17.  The  *imulotcd  oircrrft  i*  flying  of  o  conjtanf 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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CDI  (  uA)  1 50  Hz 


as  in  Table  ?1 


Lower  Antenna  +  15 


Lower  Antenna  -15 


Lower  Antenna  *30* 


Lower  Antenna  -30° 


Elevation  Angle  (Degrees) 

Figure  84c.  Calculated  Curvet  of  CDI  vs.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Table  21)  and  Various  Amounts 
of  Dephasing  for  Terrain  Profile  *  17.  The  simulated  aircraft  is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 


Elevation  Angle  (Degree*) 

Figure  84d.  Co  leu loted  Curve*  of  Carrier  and  Sideband  Signal*  v».  Angle  for  the  Null  Reference  Glide  Slope  for  Terrain 

Profile  *  17.  Tbe  simulated  aircraft  i*  flying  ot  a  comtanf  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Calculate  Normalized  Antenna  Patterns  vs.  Angle  for  the  Sideband  Reference  System  for  Terrain  Profile  9  17, 
The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  oltitude  above  the  runway  centerline  (extended). 
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8  1  Phased  at  in  Toble  ?l 
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Sideband  Signals  -30* 


Elevation  Angle  (Degrees) 

Figure  84b.  Calculated  Curvet  of  CDI  vs.  Angle  For  tbe  Capture  Effect  Glide  Slope 

with  die  Normal  Phasing  (as  Indicated  in  Table  21)  and  Dophased  According 
to  die  Flight  Inspection  Manual  Phase  Verification  Procedure  far  Terrain 
Profile  *  17.  The  simulated  oircraft  is  flying  at  a  constant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 
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Figure  85b.  Calculated  Curve*  of  CDI  vt.  Angle  for  the  Three  Image  Type  Glide -Slope 

System*  for  Terrain  Profile  *  18.  The  simulated  aircraft  is  flying  at  a  constant 
1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  85e. 


Phosed  os  in  Table  22 
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Lower  Ar  tenna  - 1  5* 
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2.8  |  3.2 
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Calculated  Curve*  of  CDI  v*.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (at  Indicated  in  Table  2?) and  Vorious  Amount* 
of  Dephating  for  Terrain  Profile  *18.  The  simulated  aircraft  is  flying  at 
a  constant  1000  ft.  oltitude  above  the  runway  centerline  (extended). 
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Figure  85e.  Calculated  Curvet  of  CDI  vt.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Pbatlng  (at  Indicated  in  Table  22)  and  Various  Amounts 
of  Depbating  far  Terrain  Profile  *  18.  The  simulated  aircraft  it  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  85h.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Normal  Phasing  (as  Indicated  in  Table  2?)  and  De phased  According 
to  the  Flight  Inspection  Manual  Phase  Verification  Procedure  for  Terrain 
Profile  9  18.  The  simulated  oircraft  is  flying  ot  o  constont  1000  ft.  altitude 
obove  the  runway  centerline  (extended). 
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Figure  851.  Calculated  Curves  of  Composite  Carrier  and  Side  bond  Signals  vs.  Angle  far  the  Copture  Effect  Glide  Slope 
Terrain  Profile  *  18.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  cents 
line  (extended). 
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Toble  ?3.  Terroin  Profile  *19. 
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COI  (uA)  150  Hz 


Phased  as  in  Table  23 


Lower  Antenna  ♦IS* 


Lower  Antenna  -15* 


Lower  Antenna  ♦30* 


Lower  Ar  tenno  -30* 


Figure  86c. 


2.8  3.2 


Elevation  Angle  (degrees) 

Calculated  Curves  of  CDI  vs.  Angle  for  the  Null  Reference  Glide  Slope 
with  the  Normal  Phasing  (as  Indicated  in  Toble  23)  and  Various  Amounts 
of  Dephasing  for  Terrain  Profile  *  19.  The  simulated  aircraft  is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  86d.  Calculated  Curve*  of  Corr'er  and  Sdtbad  Signal*  vt.  Angle  for  the  Null  Reference  Glide  Slope  far  Terrain 

Profile  *  19.  The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended), 
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Figure  86e.  Calculated  Curves  of  CDI  vs.  Angle  for  the  Sideband  Reference  Glide 

Slope  with  Normal  Phasing  (as  Indicated  in  Table  23)  and  Various  Amounts 
of  Dephasing  for  Terrain  Profile  *  19.  The  simulated  aircraft  is  flying  at 
a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Elevation  Angle  (Degree*) 

Figure  86g.  Calculated  Normalized  Antenna  Pattern*  v*.  Angle  for  the  Sideband  Reference  System  for  Terrain  Profile  *19. 
The  simulated  aircraft  is  flying  at  a  constant  1000  ft.  altitude  above  the  runway  centerline  (extended). 
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Figure  86h.  Calculated  Curve*  of  CDI  v*.  Angle  for  the  Capture  Effect  Glide  Slope 

with  the  Normal  Phating  (a*  Indicated  in  Table  23)  and  Dephased  According 
to  the  Flight  Inspection  Manual  Pha»e  Verification  Procedure  for  Terrain 
Profile  *  19.  The  limulated  aircraft  it  flying  of  a  conjtant  1000  ft.  altitude 
above  the  runway  centerline  (extended). 


0.  The  Use  of  Modulation  Uhbolgnce  to  Estgblish  Pgth  Angle  Alarm  Limits 
for  the  Side  bend  Reference  Glide- Slop*  System.  " 

1.  Conclusions.  Bo  sod  on  experimental  work  performed  ot  the  Twniami  test 
site  in  the  Fall  of  1978,  tfse  conclusion  is  that  a  modulation  unbalance  eexs  be  used  in 
the  sideband  reference  glide-slope  system  to  set  or  check  high  or  low  path  angle  monitor 
alarm  limits.  This  check  requires  approximately  .050  DDM  of  modulation  unbalance  to 
reach  path  angle  limits  of  2.8°  and  3.2#  for  a  nominal  3.0°  system.  Near  field  and 
analog,  integral  monitors  ind icafe  the  some  limits  as  when  path  angle  is  chenged  by 
means  of  a  sideband  power  unbalance. 

Introduction.  A  series  of  experiments  has  been  performed  at  Ohio 
Lksiversity  s  Tamiami,  Florida  I L S  test  site.  The  purpose  of  these  experiments  is  to 
establish  the  validity  of  using  a  modulation  unbalance  to  set  the  high  and  low  angle 
limits  for  the  sideband  reference  system  monitors. 

Presently  these  limits  ore  established  by  unbalancing  the  sideband  power  division 
to  the  system's  two  antennas.  Required  periodic  check  of  these  alarm  limits  olso  requires 
the  changing  of  the  sidebond  power  division.  Vagaries,  i.e.,  inconsistencies  in  the 
power-splitting  devices  presently  in  wide  use,  preclude  the  occurate  resetting  of  this 
power  division.  The  power  splitter  is  shown  as  component  E-l  in  Figure  87  below. 


Fi^jre  87.  Schematic  Diagram  of  the  Sideband  Reference  Glide-Slope  APCU. 

Sideband  power  divider  E-l  is  set  to  deliver  equal  sidekxxid  power 
to  both  antennas  of  the  system.  Difficulties  in  resetting  the  control 
con  result  in  path  ongle  ombiguities. 


To  determine  if  ombiguities  in  path  angle  resulting  from  difficulties  in  resetting 
this  power  splitter  con  be  avoided  by  using  a  modulation  unbalance  to  set  or  check  poth 
alarm  limits,  o  sideband  reference  system  was  normalized.  New-field  monitoring  locations 
established  as  per  FAA  Handbook  6750. 6B  were  used  to  operate  the  system  monitors.  As 
a  check,  a  parallel,  integral,  analog  monitor  wos  set  up  uiing  the  monitor  output  port 
signals  available  from  the  glide-slope  tntennos.  For-field  conditions  were  verified  by 
airborne  measurements. 


-294- 


Alorm  limit*  for  both  se h  of  monitor*  were  established  by  conventional  methods 
with  the  high  and  low  angle  alarms  determined  by  a  suitable  chmge  in  sideband  power 
division.  Broad  end  sh<xp  path  width  alarms  were  set  using  a  sideband  power  level  ch<ytge. 
Airborne  checks  verified  these  settings.  The  system  was  then  brought  into  high  and  low 
angle  alarm  using  a  modulation  unbalance  and  the  for-field  checked  for  proper  path  angles. 

3.  Discussion  of  Data.  The  SBR  system  established  at  Tomiami  far  these  tests 
uses  Wilcox  Mart~IC  transmitting  and  monitor  equipment.  The  antennas  used  ore  APC 
Type  FA-8976  glide-slope  ontennas  positioned  7.09'  (2. 161m)  and  21 .27'  (6.483m) 
above  ground  level  as  shown  in  Figure  88.  Near-field  monitor  locations  established  as 
per  6750. 6B  were  approximately  66'  (20.  Im)  in  front  of  the  tower  for  the  amplitude 
detector  and  79'  (24.  1m)  for  the  phase  detector.  These  are  shown  in  Figure  89.  The 
detectors  were  located  in  the  protective  boxes  at  the  base  of  each  near-field  probe 
with  signal  lines  run  bock  to  the  glide-slope  hut  to  operate  the  system  near-field 
monitors. 

In  addition  to  the  conventional  near-field  monitoring,  on  integral  analog 
monitor  system  was  implemented.  Signals  available  from  the  monitor  port  of  the  antennas 
were  used  for  the  integral  analog  RF  recombining  network  shown  in  Figure  90.  Alignment 
of  the  integrol  monitor  was  accomplished  with  a  pr.cedure  outlined  in  Section  H63  of 
this  report. 


Figure  88.  View  of  the  Antenna  System  and  Glide-Slope  Hut  Used  for  the  SBR  Test* 
at  Ohio  University's  Tomiomi  Test  Site. 
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Figure  90.  The  RF  Recombining  NeNrorlt  for  the  Integral  Anolog  Monitor  Died  CXiring  the 
Tamiami  Teih. 


This  S8R  system  operates  with  a  radiated  carier  power  a f  2 .(Vf  and  an  upper 
antenna  side  bend  power  of  18  mW.  An  equal  sideband  power  is  delivered  to  the  lower 
antenna.  Both  near-field  and  integral  monitors  were  checked  far  normal  indications  and 
airborne  measurements  mode.  The  normal  system  is  found  to  have  o  path  angle  of  3.00* 
and  a  path  width  of  0.69*. 

Calculated  sideband  power  levels  for  path  width  alarm  conditions  ore: 

69  2 

Brood  Alarm:  )  (18  mW)  ■  10.6  mW 

69  2 

and  Sharp  Alorm;  (~"5Q  1  (18  mW)  ■  34.3  mW 

High  and  low  path  angle  conditions  are  achieved  by  observing  the  sideband  power  level 
in  the  upper  antenna  and  resetting  the  power  divider  E- 1  in  the  SBR  APCU  to  obtain  the 
proper  unbalance  of  power.  These  unbalance  conditions  have  been  calculated  using 
OUGS,  a  mathematical  model  developed  at  Ohio  University  for  image  glide-slope 
systems.  Power  levels  in  the  upper  antenna  are: 

Low  Angle  (2.86°):  -1.0  dB  or  (18  mW)  log'1  )  -  14.3  mW, 
and  High  Angle  (3.12°):  +.82  dB  or  (18  mW)  log  (-f^)  3  21.7  mW 

The  path  ongle  and  path  width  alarm  conditions  were  then  defined  and  the  alarm 
limits  set  on  both  sets  of  monitors.  Table  24  is  a  reduction  of  the  data  obtained  from 
the  13  Pattern  B  (1000*  AGl)  level  runs  necessory  for  the  measurements.  Runs  1,2, 
ond  3  were  used  to  optimize  system  phasing.  Runs  4  through  6  establish  the  normal 
system.  Runs  7  through  10  identify  the  alarm  conditions  to  set  the  monitor  alarm  limits. 
This  is  done  in  the  conventional  monner  consistent  with  the  U.  S.  Flight  Inspection  Hand¬ 
book  OAP  8200. 1  ond  Sideband  Reference  Monual  Order  6750.34.  Run  1 1  is  a  re¬ 
check  of  the  normal  system  before  finally  checking  the  high  and  low  ongle  alarms  using 
a  modulation  unbalance  on  runs  12  ond  13,  For  runs  12  and  13  the  system  was  brought 
into  alarm  using  the  modulation  balance  control  on  the  MK  1C  modulator. 

4.  Results.  The  results  shown  in  Table  24  confirm  that  for  the  sideband 
reference  system  o  modulation  unbalance  con  be  used  to  achieve  the  some  high  ond  low 
angle  conditions  in  the  far  field  as  obtained  by  a  sideband  power  unbalance  to  the 
system's  two  ontennas.  This  is  demonstrated  by  airborne  measurements  and  supported 
by  analog,  integral  monitor  indications.  Note  in  Table  24  that  path  width  is  affected 
differently  when  o  modulation  unbalance  is  used  to  raise  and  lower  the  path  angle  than 
when  on  unbalance  in  sideband  power  is  used. 

Figure  91  shows  the  porametric  response  of  the  for  field  to  sideband  power  un¬ 
balance.  This  data  is  supported  by  analog,  integral  monitor  indications  <nd  airborne 
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Meow  red  in 
For  Fiold 


Co  leu  la  tod 


Run  No. 

Purpose 

Dota 

Angle 

Width 

Angle 

Width 

1 

Equality 

.003/90 

— 

— 

— 

*e» 

2 

Q'SBO  Phasing 

.003/90 

— 

— 

— 

3 

Upper  Antenna 

.002/90 

4 

Normol 

Pattern  B,  1000*  AGL 

2.98 

.64 

3.00 

0.70 

5 

Normal 

P(SBO)  21mW  -18mW 

3.00 

.69 

3.00 

6 

Normal 

Check 

3.00 

.69 

3.00 

0.70 

7 

Brood  Alarm 

P(SBO)  ♦  9. 2mW 

2.99 

.93 

3.00 

0.96 

8 

Sharp  Alarm 

P(SBO)  ■»  35.0mW 

3.00 

.49 

3.00 

0.49 

9 

Low  Angle 

Alorm 

Upper  Ant.  ■*  1 4. 9mW 

2.83 

.76 

2.88 

0.74 

10 

High  Angle 
Alorm 

Upper  Ant.  ♦  2 1 . 7mW 

3.14 

.63 

3.16 

0.63 

11 

Normal 

Check 

3.01 

.69 

EO 

0.70 

12 

Low  Angle 

Alorm 

.04/90  Mod  Un  bo  1  once 

m 

.64 

2.85 

M 

13 

High  Angle 
Alorm 

.04/150  Mod  Unbalance 

3.16 

.75 

3.15 

H 

Toble  24.  Result*  of  Airborne  Measurement  to  Determine  the  Validity  of 
Using  o  Modulation  Unbalance  to  Set  or  Check  High  and  Low 
Path  Angle  Alorm  Limits  on  the  Sidebond  Reference  Glide- 
Slope  System. 
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Figure  91.  Porometric  Response  Dota  Generated  by  OUGS  Indicating 
the  Far-Field  Response  to  Sideband  Power  Unbalance  in 
the  Sideband  Reference  Glide -Slope  System. 
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Neor-Field  Amplitude  Detector 
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Sideband  Reference  Glide -Slope  Syitem. 


measurements .  The  neor-field  amplitude  detector  response  as  measured  is  also  indicated 
in  Figure  92. 

5.  Recommendations.  Order  6750.34,  "Maintenance  of  Sideband  Reference 
Glide- Slope  Equipment*,  shajld  reflect  the  findings  described  here.  Inasmuch  as  equip¬ 
ment  configuration  permits,  a  modulation  unbalance  should  be  substituted  for  a  sideband 
power  unbalance  to  set  or  check  high  ond  low  path  angle  alarm  limits. 

Accordingly,  the  following  should  be  added  to  paragraph  115(3)  of  Order 
6750.34:  "In  equipments  capable  of  effecting  a  modulation  unbalance  of  .040  or 
greater  a  path  angle  and  path  width  change  may  be  achieved  by  this  adjustment. 
Ascertain  that  the  mo<A>lation  unbalance  ond  the  DDM's  in  both  the  amplitude  and 
phase  monitor  channels  are  within  limits  established  by  flight  inspection".  Porographs 
82. b. (2)  (b),  82. c. (2),  83. b. (2)  (b),  and  83.c.(l)  (b)  should  also  reflect  this  change. 

E.  Perturbation  Studies  at  Selected  Commissioned  SBR  Sites.  Glide-slope 
and  monitor  performance  studies  were  mode  at  Clarksburg,  West  Virginia  on  July  6, 

1978,  at  Roanoke,  Virginia  on  July  17,  1978,  at  Bluefield,  West  Virginia  on 
November  1,  1978,  at  Morgantown,  West  Virginia  on  March  28,  1979,  and  at 
Wheeling,  West  Virginia. 

The  tests  documented  in  the  following  four  reports  are  a  series  performed  at 
these  five  commissioned  SBR  sites.  The  objective  of  these  experiments  was  three-fold. 
First,  documentation  of  focility  performance  using  FA  A- independent  measurement 
equipment  was  obtained.  Second,  system  response  to  specific  parametric  changes  of 
in-line  signal  amplitude  ond  phase  was  measured.  A  comparison  with  theoreticol 
predictions  was  made.  These  changes  were  of  sufficient  magnitude  in  some  cases  to 
bring  the  monitor  to  alorm.  Determination  of  far-field  conditions  was  mode  for  all 
cases  when  the  system  was  perturbed.  This  allowed  on  assessment  of  the  sensitivity 
of  the  monitors  and  their  adequacy  in  protecting  the  user  from  out- of- tolerance  sisals 
in  spoce.  Third,  consideration  was  given  to  overly  sensitive  monitor  responses  which 
can  easily  produce  maintenance  difficulties  and  cause  unnecessary  shutdowns  with  a 
concomitant  derogation  of  safety. 

Since  insufficient  topographical  data  was  available  at  these  sites  for  a  detailed 
computer  study  of  the  terrain  effect,  on  ideal  flat  conducting  plone  ground  was  assumed. 
While  this  assumption  gives  reasonable  results  in  the  cases  considered,  some  recent 
work  at  Ohio  University  has  shown  that  the  application  of  the  ideal  ground  plane  con¬ 
cept  cannot,  unfortunately,  be  generalized  to  include  all  cases  of  snow  accumulation 
such  as,  for  example,  multiple  reflecting  surfaces  or  a  truncated  reflecting  plane. 

F.  Perturbotiong  I  Study  of  the  Side  bond  Reference  Glide  Slope  at  Clarksburg, 
West  Virginig. 

1.  Summary  ond  Conclusions.  A  series  of  perKirbotionol  tests  have  been 
contacted  at  the  sideband  reference  75$R)  glide-sl  ope  focility  at  Clarksburg,  West 
Virginia.  As  a  result  of  these  tests,  the  following  conclusions  ore  given: 
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(1)  The  facility  was  found  to  be  within  CAT  I  specifications. 

(2)  The  near-field  monitors  used  with  the  system  are  essentially 
fault  detectors  and  not  analogs  of  the  far  field.  The  phase 
monitor  is  overly  sensitive  ond  changes  in  the  near-field 
environment  con  result  in  unnecessary  facility  shut-downs. 

The  far  field  is  essentially  unaffected  by  these  changes. 

(3)  The  use  of  a  somewhat  short  (83  electrical  degrees)  quadrature 
section  at  the  focility  is  undesirable  and  should  be  corrected. 

(4)  The  reluct(nce  of  maintenance  personnel  to  alter  sideband  power 
division  to  check  high  and  low  ongle  alarm  limits  suggests  that 
the  use  of  fixed  power  dividers  ond  line  attenuators  inserted 
specifi  cally  for  alorm  tests  and  changing  mod  balance  be 
investigated. 

2.  Discussion  of  Data.  .System  performance  somewhat  different  from  the 
theoretical  for  a  flat  site  indicates  that  non-ideal  terrain  is  present.  Satisfactory  topo 
maps  were  not  available  for  making  specific  predictions  for  Clarksburg. 

The  I L S  serves  Runway  21  at  Benedum  Airport,  Clarksburg.  Equipment  in  use 
is  an  AIL  Mark  IB  system  utilizing  Meridan  Type  FAA-8021  dipole  ontennas.  Figure  93 
is  a  view  of  the  facility  from  in  front  of  the  antennas.  Figure  94  is  a  similar  view 
looking  out  into  the  reflecting  zone.  The  distance  from  the  mast  to  the  runway 
£250*  (76.2m))  and  the  existence  of  a  truncated  ground  plane  f  ■'600*  (  =  I83m)j 
suggest  the  need  for  the  sideband  reference  system.  Note  the  counterpoise  in  front 
of  the  array  positioned  10  to  12  inches  (25cm  to  30cm)  above  ground.  Figure  95  is 
a  view  of  the  transmitting  equipment  and  the  monitors.  The  amplitude  and  phase 
detectors  are  located  approximately  93'  (28m)  and  120*  (37m)  in  front  of  the  antennas. 

Utilizing  the  standard  formula  for  the  distance  to  the  360°  point: 
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where  H  and  h  are  the  heights  to  the  upper  and  lower  antennas  respectively  in  feet 
and  Bp  is  the  wavelength  in  feet  at  the  operating  frequency  (approximately  2.964* 
(.9037m)  at  332.0  MHz),  the  distance  d  to  the  360°  point  with  antenna  heights  of 
25.8*  (7.87m)  and  8.7*  (2.65m)  is  on  the  order  of  99.5*  (30.34m). 

Noting  that  the  counterpoise  is  effectively  a  raised  ground  plane  ond  as  such 
changes  the  effective  antenna  heights  as  viewed  from  the  monitor  detectors,  the  ontenna 
heights  referencing  the  counterpoise  call  for  the  360®  proximity  point  to  be  approxi¬ 
mately  93.8'  (28.60m)  in  front  of  the  array.  Accordingly,  the  amplitude  monitor 
(located  at  the  360®  point)  ot  Clarksburg  is  located  93.3*  (28.45m)  in  front  of  the 
array  (see  Figure  96). 
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Figure  94.  View  of  the  Reflecting  Zone  from  the  Antenno 
Position  at  Clarksburg,  West  Virginia. 
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Work  done  on  fhe  experimental  SBR  system  at  the  Tomiomi  site  doei  indeed  show 
that  the  calculated  position  far  the  360*  point  con  be  expected  to  be  very  dote  I* 
(*.3m)]to  that  point  found  experimentally.  Clearly,  the  effective  height*  of  the  ontennat 
for  near-field  calculation*  must  be  specified  from  the  counterpoise,  if  present. 

The  phase  monitor  ot  Ctorksburg  was  found  to  be  o  foctor  of  1.3  greoter  in  dis- 
tance  from  the  transmitting  ontennos  thon  the  omplitude  monitor  probe.  This  compore* 
to  the  factor  of  1 .3  given  in  FAA  Hondbook  6750. 6B.  Clearly,  for  ony  given  set  of 
ontenno  heights  the  introduction  of  a  counterpoise  moves  the  monitor  probe  locations 
closer  to  the  ontenno  orray. 

Modulation,  equality,  and  CSB  phasing  were  checked  prior  to  Pottem  B  ond 
Pattern  A  flyability  runs.  A  morked  difference  was  noted  in  the  length  of  the  quadrature 
section  in  use  ot  the  Clarksburg  focility  ond  that  of  the  section  used  by  Ohio  University 
ground  crew.  This  difference  was  on  the  order  of  5/8”  (1.6cm).  The  electrical  length 
of  the  section  used  by  Ohio  is  known  to  be  91.?*  at  332.0  MHz.  This  mokes  the  section 
in  use  of  Clarksburg  very  near  83*  in  length.  For  the  purpose  of  these  tests,  the  quodrature 
section  from  the  facility  was  used. 

The  normal  condition  of  the  focility  was  found  to  prcxAice  o  poth/width  of  3.10*/ 
0.69°.  A  check  of  olorm  limits  was  also  mode.  High  ond  low  olorm  limits  established 
by  a  change  in  the  sideband  power  division  were  not  meaejred  because  site  maintenance 
personnel  preferred  that  fhe  power  divider  setting  not  be  disturbed.  Their  experience 
indicated  a  problem  in  resetting  to  precisely  the  some  values. 

Horizontal  cuts  of  the  path  at  1000'  (304.9m)  (Pattern  B's),  were  recorded  for 
the  perturbations  which  were  line  inserts  rather  than  results  of  manipulations  of  station 
controls.  Phasors  ond  attenuators  of  suitable  electrical  length  but  set  ot  zero  volues 
were  inserted  in  the  system  ond  the  for  field  checked  for  normal  operation.  Perturbations 
were  then  introduced  without  disturbing  existing  control  settings  at  the  focility.  Removal 
of  this  hordwore  returned  the  system  to  normal  os  viewed  by  the  near-field  monitors 
(ol lowing  for  diurnal  changes)  and  as  verified  by  airborne  checks. 

After  all  flight  measurement  dofa  were  obtained,  ontenno  currents  were 
measured  with  h<rid-held  probes. 

3.  Results.  The  airborne  equality  check  showed  zero  pa;  however,  an 
antenna  phasing/cTsecVed  showed  50  pa/150.  This  indication  was  spoce  dependent  and 
no  change  was  made  to  antenna  phasing. 

An  initial  check  of  C SB  SBO  phosing  showed  equality  to  be  0  po  using  the 
quadrature  section  from  the  focility.  This  section,  however,  is  only  83  electricol 
degrees.  A  check  of  the  CSB  SBO  phasing  using  o  section  of  91.2*  showed  30  pa/ 

90.  As  can  be  seen  in  Table  25,  however,  any  misphosing  (Are  to  a  short  section  is 
not  obvious,  os  symmetrical  sideband  dephosing  coused  o  symmetrical  path  broadening. 
Toble  25  is  a  summary  of  the  flight  measurements. 
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Meo*ured 


Table  25.  Summary  of  Pattern  B  Run*  at  Clarktbury,  We*t  Virginia 


Pattern  B't  at  1000*  (300m)  AGL  revealed  a  path  angle  of  3. 10*  and  a  path 
width  of  0.69*.  A  Pattern  B  at  1 500'  (450m)  AGL  showed  the  angle  lo  be  2.99*. 
This  path  angle  change  it  alto  teen  in  the  typical  Pattern  A.  Thlt  it  on  example  of 
where  a  tingle  point  measurement  for  path  angle  taken  with  a  level  run  doe*  not  yield 
the  most  appropriate  value  for  path  angle.  The  Pattern  A  (low  approach)  will  yield 
an  actual  path  angle  which  it  an  average  over  an  approximate  three  mile  dittance 
and,  therefore,  mutt  be  contidered  more  repretentative. 

The  Clarksburg  glide-tlope  structure  it  shown  in  Figure  97;  it  meets  CAT  I 
specifications  reaching  90%  of  the  limits.  Pattern  B't  for  all  flight  measurements 
were  mode  at  1000'  (300m)  AGl  to  minimile  flight  time  and  conserve  fuel. 

The  near-field  monitoring  at  Clorktburg  it  thovwi  to  be  essentially  o  fault- 
detection  type  monitor  and  not  a  true  analog  of  the  far  field.  At  no  time  did  the 
far  field  go  out-of- tolerance  (*  0.2*  chonge  in  path  or  width)  before  reoching  an 
alarm  condition  on  either  the  amplitude  or  phote  monitor.  The  alorm*  are  quite 
conservative  a*  can  be  *een  fcy  Table  25.  Note  thi  far-field  path  width  during  a 
check  of  the  width  alarm  limits.  Thi*  oversensitivity  it  even  more  apporent  with 
upper  antenna  dephating. 

By  inspecting  Table  25  and  Figure  98,  one  reodily  understands  why  the  exitt- 
ing  monitors  must  be  regarded  as  foult  detectors  rather  thas  analog  sensors.  For 
exomple,  with  2  dB  attenuation  added  to  the  lower  antenna,  the  phase  monitor 
shows  30%  of  alarm  with  the  amplitude  showing  200%  while  the  for  field  hat 
moved  to  approximately  only  100%  of  tolerance.  The  existing  sideband  reference 
near-field  monitors  ore  in  reolity  phase  and  amplitude  detectors  similor  to  integral 
monitors,  but  complicated  by  near-field  ground  plane  affects. 

Diurnal  changes  in  nominal  monitor  values  at  Clarksburg  are  typically  30 
to  50%  of  alarm,  and  reportedly  do  not  give  a  problem  in  spite  of  the  tight  limits 
that  exist. 


Probe  measurements  using  a  hand-held  probe  and  vector  voltmeter  yielded 
the  following  amplitude  and  phase  data: 


ICWER  ANTENNA 

Center  Dipole 

Amplitude 

-  6.5  dB 

Phase 

0* 

left  Dipole* 

-  5.6  dB 

♦  5.3* 

Right  Dipole 

-11.8  dB 

+I0. 6* 

Calculated  composite  effective 

amplitude  and  phase: 

♦  1 .9  dB 

♦  4.4* 

*  left  and  right  refer  to  the  dipoles  as  seen  from  behind  the  array. 
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Amplitude  Phase 


UPPER  ANTENNA 

Center  Dipole 

-  6.4  dB 

0* 

Left  Dipole 

-  6.3  dB 

-  9.8 

Right  Dipole 

-  9.6  dB 

-  4.5 

Calculated  composite  effective 

amplitude  and  phase: 

no]  OdB 

-  2.5< 

Further,  the  CS8  signal  was  fed  into  the  SBO  port  of  the  APCU  and  phase  ond 
amplitude  measurements  taken  on  the  center  elements  of  the  antennas.  These  data 
were  as  follows: 

Upper  Center  Dipole:  -10.2  dB  ♦  50® 

Lower  Center  Dipole:  -11.7  dB  -131.4® 

The  difference  in  phase  of  the  center  elements  in  conjunction  with  the  effective  phase 
values  for  the  dipole  arrays  show  the  overall  system  phasing  to  be  within  5°  of  ideal 
phasing.  Since  phase  measurements  using  a  hand-held  or  jig-held  probe  ond  vector 
voltmeter  can  be  expected  to  be  accurate  to  within  -  2°  [10],  it  seems  reasonable  to 
expect  that  ground  phasing  cot  reduce  required  flight  check  time. 

The  calculated  horizontal  radiotion  patterns  for  the  upoer  and  lower  dipole 
arrays  are  presented  in  Figures  99  and  100.  These  do  meet  FAA  specifications 
as  given  in  FAA-E-2425  which  are  outlined  an  these  same  figures. 

G.  Perturbotionol  Study  of  the  Sidebond  Reference  Glide  Slope  at  Roonoke, 
Virginia. 

1 .  Summary.  A  series  of  perturbotionol  tests  hove  been  completed  at  the 
sidebond  reference  (SBR)  glide-slope  focility  serving  Runway  33  at  Roanoke,  Virginia. 
These  tests  were  performed  using  a  Beechcraft  Model  V35A  equipped  with  Ohio  Univer¬ 
sity  Mini-Lob  airborne  instrumentation.  This  study  has  resulted  in  the  documentation 
of  the  facilities  response  to  parametric  perturbations.  The  facility  was  found  to  respond 
predictably  and  to  be  well  within  CAT  I  specifications,  reaching  only  of  toleronce. 
By  nature  the  near-field  monitors  used  with  the  SBR  system  ore  overly  sensitive  and 
essentially  serve  as  fault  detectors.  Monitor  responses  ore  clearly  not  analogous  to 
changes  in  the  far  field.  The  existence  of  nan-standord  antenna  heights  and  (non¬ 
integer)  antenna  height  ratio  precludes  the  use  of  ot  equal  sideband  power  division. 

2.  Discussion  of  Data.  The  ILS  at  Roonoke,  Virginia  serves  Runway  33. 

The  sidebond  reference  glide  si  roe  located  north  of  the  taxiway  and  runway  uses  dual 
tube-type  (TUS)  transmitters  operating  a  333.2  MHz  ond  employs  type  FA-8976  APC 
glide-slope  antennas.  Figure  101  is  a  view  of  the  facility  from  in  front  of  the  transmit¬ 
ting  antennas ,  ond  Figure  102  is  a  similar  view  from  behind  the  antenna  tower  and 
counterpoise.  The  tower  is  located  600'  (189.2m)  from  the  centerline  of  the  runway. 

The  need  for  the  sideband  reference- type  facility  is  a  result  of  the  truncoted  ground 
plone  in  the  near  reflecting  zone  (*800'  (240m)).  The  counterpoise  in  use  ot  the  Roonoke 
site  is  approximately  25*  <  65'  (7.6m  x  19.8m)  and  is  elevated  from  tne  immediate  terrain 


Figure  100.  Calculated  Horizontal  Rodiation  Potternj  for  the  Lower  Dipole  Array  at 
Clarkiburg,  We*f  Virginia. 


Figure  101.  A  View  of  tbe  Sidebond  Reference  Glide-Slope 
Focility  o*  toonote,  Virginio.  Tbe  counterpoise 
it  on  average  of  14  incbe*  (35cm)  above  tbe 
local  terrain. 
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Fij^jr*  )02.  Neor-Field  Monitors  or>d  Counterpoise 
ot  Roonoke,  Virginio  os  Viewed  from 
Behind  the  Antenna  Tower. 
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level  M"  (35  cm).  The  antenna  height*  are  7.0*  (2. 1 3m)  for  the  lower  <ntenna  and 
19.5'  (5.94m)  for  the  upper.  U*5ng  the  ttondord  formula  for  the  diltonce  to  the  360* 
poinh 


P 


where  H  ond  h  ore  the  height*  in  feet  of  the  upper  and  lower  antenna*  above  effective 
ground  (counterpoite),  respectively,  and  Bp  i»  the  wavelength  in  feet  in  free  ipoce 
at  the  operating  frequency.  The  calculated  ditfance  d  then  to  the  360*  point  it  51.1* 

(I  5.  58m).  This  i*  clo»e  to  the  actual  location  of  the  amplitude  monitor  at  Roonoke, 
which  i*  at  50.5*  (15.39m).  Accordingly,  the  phate  monitor  it  located  at  60.6'  (18.46m) 
from  the  tower.  Thit  it  a  factor  of  1 . 2  timet  that  diitance  to  the  360*  point,  which  it  in 
tome  disagreement  with  the  factor  of  1.3  ttated  in  FAA  Handbook  6750. 6B.  A  factor 
of  1.2  it  in  ogreement  with  that  calculated  by  OUGS  computer  model.*  Thit 
accuracy  in  predicting  the  dittonce  to  the  360*  point  and  then  to  the  phate  monitor 
point  reinforcet  the  obtervafian  that  a  counterpoiie  between  the  ontennot  and  the 
monitor!  effectively  raitet  the  ground  plane  for  the  manitori  and  that  thit  c<r»  be  uted 
for  near-zone  calculation!  in  a  ttroightforward  manner. 

The  departure  of  the  meatured  retulti  from  the  calculated  retult*  it,  in  part, 
due  to  on  electrically  thort  quadrature  tection  in  ute  at  the  facility.  A  check  of 
the  electrical  length  of  thit  tection  with  a  vector  voltmeter  thowed  it  to  be  approxi¬ 
mately  82°.  Thit  tection  wot  uted  for  the  tett*  that  ore  documented  here. 

Pattern  B,  or  level  runt  on  the  glide  tlope  ond  on  localizer  centerline,  at 
1000*  (300m)  AGl  were  uted  to  determine  the  path  ongle  ond  width.  The  focility 
wot  found  to  have  a  normal  poth/width  of  3. 03*/. 81  *.  Sidebond  power  level  wat 
chonged  - 1 . 0  dB  and  .  25  dB  to  bring  the  neor-field  man i  tor  tyttem  to  alorm  for 
brood  and  thorp  path  width  condition!,  retpecti vely .  Alorm  limitt  for  high  ond  low 
path  angle  conditioni  were  not  checked  becaute  tife  maintenance  personnel  preferred 
that  the  tideband  power  divider  tetting  not  be  chonged  in  the  obtence  of  FAA  flight 
check . 

With  the  normal  focility  condition!  known  and  the  path  width  alarm  point* 
checked,  photort  ond  ottenuotor*  of  tuifoble  electrical  length  were  interted  in-line 
and  the  normal  condition  rechecked.  Phate  and  amplitude  chenget  were  then  mode 
to  the  system  without  disturbing  ttotJon  control  settings.  After  oil  perturbation*, 
the  inserted  devices  were  removed  and  the  focility  rechecked  for  a  normal  path  ond 
path  width.  If  returned  to  3. 03*/. 81  *. 

Antenno  dipole  current!  were  measured  uting  a  jig-held  probe  ond  vector 
voltmeter.  The  calculated  horizontal  rodiotion  pattern!  for  these  meatured  antenna 
current*  are  pretenfed. 

3.  Retult*.  An  airborne  check  of  modulation  equality  showed  3  mo/150. 
Sidebond  phasing  resulted  in  2  pa/90  ond  upper  ontenna  phasing  check  yielded  3  pa/90. 
Becaute  the  quadrature  section  in  ute  at  Roanoke  it  only  82*  in  length,  the  tidebandt  ore 
dephoted  -8*. 


See  Section  IIA  of  thit  report. 
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Two  Pattern  B  runs  at  1000'  (300m)  AGL  were  used  to  establish  the  normal 
condition  of  the  system  at  3.03°/*8l°*  A  single  Pattern  B  run  at  1500'  (450m)  AGL 
produced  3.05°  .72°.  To  conserve  fuel  end  time,  all  subsequent  Pattern  B's  were 
made  at  the  lower  altitude.  Sharp  and  brood  olorm  conditions  were  produced  with 
the  appropriate  changes  in  sideband  power  level.  This  resulted  in  path  widths  of  .69° 
ond  .93°,  respectively.  The  necessary  hardware  was  then  inserted  in-line  ond  a 
recheck  of  normal  showed  the  system  to  ogain  be  3. 03°/ *84°. 

This  check  was  then  followed  by  o  series  of  porometric  perturbations.  The 
results  of  these  perturbations  are  given  in  Table  26.  Note  the  asymmetrical  response 
of  the  for-field  path  width  to  sideband  dephasing.  This  is  due,  in  port,  to  the  short 
quadrature  section.  The  calculated  path  ongle  cod  width  in  Table  26  is  for  a  sideband 
reference  facility  with  antenna  heights  and  antenna  currents  os  they  were  measured  at 
Roanoke.  Addi  tionol  ly,  the  computer  model  assumes  ideal  terroin;  i.e.,  on  infinite, 
flat,  perfectly-conducting  ground  plane.  In  spite  of  the  lack  of  sufficient  topographic 
data  providing  a  better  description  of  the  terrain,  the  calculated  results  shown  in  Table 
26  are  acceptable.  Monitor  responses  to  the  perturbations  are  given  in  Table  26  as  % 
of  alarm.  Clearly,  the  monitor  response  is  non-analogue  in  nature  and  is  not  representative 
of  the  far-field  conditions.  At  no  time  did  the  monitor  fail  to  give  on  olorm  indication 
when  the  for-field  was  out-of-toleronce. 

Pattern  A,  or  flyability  runs  made  on  on  approach  for  landing  ond  token  at  the 
facility  prior  to  ony  hardware  insertion,  show  a  path  angle  of  2.97°.  Figure  103  is 
one  of  the  flyability  runs  at  Roanoke.  The  path  clearly  meets  Category  I  specifications, 
reaching  only  63%  of  tolerance  limits. 

\ 

Historically,  the  counterpoise  in  use  at  Rocr«oke  has  not  provided  the  near-field 
monitors  with  odequofe  immunity  from  changes  in  the  character  of  the  ground  below  it. 
Technicians  report  moderate  to  heavy  monitor  sensitivity  to  chonges  in  the  moisture 
content  of  the  ground.  Inspection  of  the  screen  shows  that  electrical  connections 
between  two  adjacent  sections  of  screen  ore  mode  on  ly  every  4-5'  (1.2-1. 5m).  In 
general,  this  would  not  be  considered  odequote  and  influences  from  below  the  screen 
would  be  expected  to  be  excessive.  Connections  on  the  counterpoise  should  reflect 
the  common  practice  of  reducing  this  dimension  to  1/10  wavelength  or  less.  Addi¬ 
tionally,  due  to  the  horizontal  polarization  of  the  glide-slope  antennas  continuous 
sections  of  screen  should  lie  with  their  long  dimension  perpendicular  to  the  centerline 
of  the  runway  on  the  supporting  structure.  This  serves  to  further  reduce  the  effects  of 
discontinuities. 

Probe  measurements  were  made  on  the  ontennas  with  a  jig-held  probe  ond  vector 
voltmeter.  Normalized  currents  and  the  computed  differential  in  amplitude  ond  phase 
for  the  ontennas  is  shown  in  Table  27. 

Figures  104  and  105  ore  the  calculated  amplitudes  os  a  function  of  olimuth  for 
the  upper  ond  lower  ontennas,  respectively.  Figures  104  and  105  olso  show  FAA 
specifications  as  given  in  FAA-E-2429.  These  specifications  are  not  met  principally 
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Table  26.  Reiulti  of  tbe  Perturbational  Testing  at  Roanoke,  Virginia. 


Pot  tern  A  Flyobilify  Run  To^en  ot  Rotnofce,  Virginia  During  a  Series  of  Perturbatianal  Tests 
Con<*jcted  in  July,  1978.  The  path  meets  Category  I  specifications  reoching  only  of 
tolerance  limits. 


Figure  104.  Calculated  Amplitude  v$.  Angular  Displacement  for  the  Upper  An 
Computed  from  Measured  Dipole  Currents  ot  Roanoke,  Virginia.  T 
ore  ARC  Type  FA-8976. 


Figure  1 05.  Calculated  Amplitude  v».  Angular  Displacement  for  the  Lower  Antemo 
at  Roanoke,  Virginia. 
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1  Lower  Antenna  E  lement  Currents  i 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0* 

Runway 

-i.l  dB 

33.0* 

CXjfer 

-0.6  dB 

41.0* 

Upper  Antenna  Element  Currents 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0* 

Runway 

-0.9  dB 

37.0* 

CXi  ter 

-0.7  dB 

43.0* 

The  Upper 

Antenna  is  -0. 

0  dB  ond  2.0  Degrees 

with  respect  to  the  Lower  Antenno  when  the 
center  element  currents  of  both  on  tenners  are 

equal. 

Table  27.  Calculated  Effective  Amplitude  and 

Phase  for  Antenna  Current!  as  Measured 
at  Roonoke,  Virginia. 


because  of  o  greater  than  usual  phase  (advance  and  current  amplitude  in  the  two  out  boo  rd 
elements.  This  situation  presents  no  problems  at  the  Roanoke  site  because  the  resulting 
side  lobes  do  not  illuminate  ony  reflecting  structures  and,  therefore,  do  not  adversely 
affect  the  flyability  of  the  path. 

Further,  a  probe  measurement  shows  that  the  upper  on  term  a  center  element  was 
♦180°  with  respect  to  the  some  element  in  the  lower  antenna.  The  computed  differential 
phase  of  ♦?*  yields  on  overall  measured  upper  antenna  phasing  of  ♦IS?*.  This  is  very 
close  to  both  the  ideal  orrd  the  phasing  indicated  by  the  airborne  check. 

H.  Perturbotiono I  Study  of  the  Sidebond  Reference  Glide  Slope  at  Bluefleld, 
West  Virginm^ 


1.  Summary.  A  series  of  perturbatianol  tests  has  been  completed  at  the 
sidebond  reference  ( S8R)  glide-slope  focility  which  serves  Runway  23  of  Bluefleld, 
West  Virginia.  These  tests  were  performed  using  a  Beechcraft  Modal  A36  equipped 
with  Ohio  University's  Minilob  instrumentation  pockoge.  These  tests  have  resulted 
in  the  documentation  of  the  facility's  response  to  parametric  chcmges  in  the  transmit¬ 
ting  and  ontenna  system.  The  focility  is  found  to  respond  predictably  to  these  per¬ 
turbations.  The  normol  condition  of  the  system  is  found  to  be  quite  satisfactory  and 
to  be  well  within  CAT  I  specifications,  reaching  only  60%  of  tolerance  limits  In 
zone  2.  The  inherent  oversensitivity  of  the  near-field  monitor  (phase)  In  common  use 


-325- 


with  the  S8R  system  is  evident  from  these  data.  Additionally,  response  for  both  the 
neor-field  phase  and  integral  width  monitor  is  found  to  be  not  analogous  to  far-field 
response.  The  monitors  are,  therefore,  essentially  serving  as  foult  detectors. 

2.  Discussion  of  Data  Acquisition.  The  ILS  at  Bluefield,  West  Virginia 
serves  Runway  The  facility  utilizes  Mark  I  D  transmitting  and  monitoring  equipment 
and  is  located  250*  (76.2m)  from  centerline  on  the  north-west  side  of  the  runway.  The 
transmitter  operates  at  332.6  MHz  and  employs  Type  FA-8976  APC  glide-slope  antennas. 
Figure  106  is  a  view  of  the  foci lity  from  in  front  of  the  counterpoise  orea.  Figure  107 
is  a  similar  view  from  behind  the  equipment  building.  The  distance  to  the  threshold 
is  1052'  (320.6m).  While  this  is  a  somewhat  truncated  ground  plane,  the  deployment 
of  the  sideband  reference  system  at  Bluefield  is  a  result  of  need  for  lower  ontenna  heights 
and  accommodation  of  the  limited  terrain  available  for  mast  location. 

The  counterpoise  in  use  at  Bluefield  measures  20'  x  100'  (6.1m  *  30.5m)  ond 
is  elevated  approximately  12"  (31cm)  above  local  terrain.  The  ontenna  heights  used 
are  7.3'  (2.22m)  for  the  lower  antenna  and  21.53'  (6.562m)  for  the  upper.  The  monitor¬ 
ing  for  the  system  is  near-field  phase  fed  to  the  path  channel  ond  integral  pickups  for 
the  width.  This  is  standard  for  the  Mark  ID  equipment.  Accordingly,  there  is  only  one 
monitor  probe  above  the  counterpoise.  This  phase  monitor  probe  is  located  3.25'  (,991m) 
above  the  counterpoise  ond  74.8'  (22.80m)  in  front  of  the  ontenna  mast.  Using  the 
stondord  formula  for  the  distance  to  the  360°  point  ond  given  that  the  antenno  heights 
above  the  counterpoise  ore  approximately  6.0*  (1 ,83m)  ond  20.2'  (6.  16m): 

H2  h2 

d  "  -  -  62.86* 

P 

where  H  and  h  are  the  heights  in  feet  of  the  upper  and  lower  antennas,  respectively, 
and  B  is  the  wavelength  in  free  spoce  at  the  operating  frequency. 

The  distance  to  the  phase  monitor  location  should  be  a  factor  of  1 . 2  forther  from 
the  most  or  75.4*  (22.98m).  This  compares  favorably  with  the  measured  distance  at 
Bluefield  of  74.8'  (22.80m).  This  is  further  demonstration  of  the  foct  that  the  counter¬ 
poise  may  be  considered  as  simply  a  raised  ground  plane  insofar  as  monitor  probes  in 
the  neor  field  ore  concerned. 

Before  any  testing  of  the  foci  lity  was  done,  or  any  perturbations  introduced  into 
the  system,  pattern  A  (flyability)  and  pattern  B  (level  runs  at  1000*  (300m)  AGL)  runs 
were  mode  to  establish  the  normal  condition.  The  pattern  B  showed  a  path,  width  of 
3.07*/.69®.  The  pattern  A  showed  on  averoge  in  approoch  zone  2  of  3.03*.  Suitable 
changes  in  sidebond  power  (-2.17  dB  ond  +1.8  dB)  were  used  to  establish  brood  ond 
sharp  alarm  limits  for  the  monitors.  Two  different  methods  were  used  to  bring  the  system 
monitors  to  high  ond  low  angle  alarm  condition.  First,  the  conventional  approoch  using 
a  change  in  the  sidebond  power  division  was  employed.  Second,  a  change  in  modulation 
balance  was  used  to  effect  a  path-angle  chonge  to  alarm  limits. 

With  monitor  alorm  limits  documented,  a  series  of  system  perturbations  were  in¬ 
troduced.  Monitor  response,  os  well  as  far-field  response,  were  recorded  for  each  fault. 
These  faults  include  sidebond  amplitude  and  phase  and  antenno  amplitude  and  phase. 
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The  introduction  of  these  foulh  was  facilitated  by  the  use  of  suitable  length  lines 
containing  the  required  phasar  and  attenuator.  This  hardware  was  inserted  in-line  and 
trimmed  in  electrical  length  to  return  the  system  monitors  as  closely  as  passible  to  normal. 
A  check  was  then  made  of  the  far  field  to  insure  that  any  small  changes  to  the  path  due  to 
insertion  losses,  etc.,  ore  documented.  After  all  perturbations  were  documented  «sd 
the  focility  returned  to  normal,  the  for  field  was  rechecked.  The  path/width  was  found 
to  be  3.087.65*. 

Dipole  currents  for  the  Type  FA-8976  antennas  were  obtained  using  a  jig-held 
probe  and  vector  voltmeter.  Calculated  horizontal  rodiotion  patterns  for  these  ontennas 
based  on  the  probe  measurements  are  presented. 

All  of  the  flight  data  was  collected  using  a  rodio  telemetering  theodolite  as  a 
reference.  It  was  located  consistent  with  the  specification  of  the  U.  S.  Flight  inspection 
Handbook,  OA  P  8200.1,  paragraph  217.32. 

3.  Results.  An  airborne  check  of  modu lation  equality  showed  zero  micro¬ 
amperes.  Carrier,  sideband  phasing  produced  6  pa/  150  Hz  and  a  check  of  upper  antenna 
phasing  resulted  in  43  pa^90  Hz.  The  pattern  B,  to  establish  the  normal  condition  of  the 
system,  resulted  in  a  path  angle  on d  width  of  3. 07*/. 69*.  A  pattern  A  run  showed  the 
actual  path  angle  in  approach  zone  2  to  be  3.03*.  Beginning  at  approximately  one  mile 
range,  there  is  roughness  which  very  likely  is  being  produced  by  reflections  from  the  up- 
slope  identified  in  Figure  106.  Additionally,  the  path  is  found  to  be  well  within  CAT  I 
specification  reoching  only  60%  of  toleronce  limits.  Figure  108  is  a  reproduction  of  the 
recorded  differential  troce  obtained  during  this  run. 

Broad  and  sharp  alarm  conditions  brought  about  by  changes  in  sideband  power  level 
of  -2.17  dB  and  *1 .80  dB  resulted  in  path  widths  of  .82*  ond  .  55*,  respectively.  The 
monitor  olorm  limits  were  also  checked  for  high  ond  low  path  angle  conditions.  Changing 
the  sideband  power  division  by  observing  the  sideband  power  in  the  upper  antenna 
directional  coupler  is  the  conventional  mwsner  for  changing  path  angle.  Alorm  limits 
established  in  this  manner  were  3. 10*  ond  3.04*.  These  some  olorm  limits  were  ochieved 
by  a  chonge  in  modulation  balance.  This  opprooch  resulted  in  path  angles  of  3.12*  and 
3.02*.  It  has  been  previously  demonstrated  that  modulation  unbalance  can  be  used  to 
establish  or  check  the  some  high  ond  low  angle  alarm  limits  for  the  sideband  reference 
system  that  ore  obtained  with  an  unbolmce  of  sideband  power.  * 

Following  a  check  of  alarm  limits  hardware  suitable  for  effecting  parametric 
changes  in  upper  ontenno  attenuation  ond  lower  ontenna  phasing  was  inserted  in-line 
ond  the  normal  condition  of  the  system  verified.  An  identical  approoch  was  also  used 
to  accomplish  parometric  changes  in  carrier- to- sideband  phasing  and  lower  mtenrvo 
attenuation.  A  pottern  B  was  run  for  every  fault.  The  rrsults  of  these  runs  are  presented 
in  Table  28.  Data  presented  in  Table  28  includes  the  mesured  path  ongle  and  width, 
the  calculated  path  angle  ond  width,  <y>d  the  percent  of  olorm  for  both  the  system 
monitors  ond  the  far  field.  The  calculated  path  angle  <r> d  width  ore  o  result  of  predictions 
mode  using  the  moth  model.  Since  od equate  topogrophic  data  for  the  Bluefield  site  was 

*  See  Section  lib  of  this  report. 
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Figure  106.  A  View  of  the  Sidebond  Reference  Glide-Slope  Foci  li ty  ot  Bluefield, 
Virginio.  Limited  terToin  available  for  siting  required  the  use 
of  the  sideband  reference.  The  distance  to  centerline  of  Runway  23 
is  only  250  feet  (76.5m).  Note  that  there  is  a  high  embankment 
just  to  the  north  of  the  ground  plane  reflecting  area.  This  area  might 
be  expected  from  an  intuitive  view  to  provide  roughness  in  certoin 
portions  of  the  path. 
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A  View  of  the  Antenno  Mast  and  Courterpoise  of  Bluefield,  West 
Virginio.  The  counterpoise  is  approximately  )2H  (30.5cm)  above 
the  ground  and  is  well-constructed.  Only  a  phase  monitor  is  used 
in  the  near  field. 
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Figure  i06.  Pattern  A  Flyobility  Run  Token  at  the  Sideband  Reference  Glide^Slope  Focility  at  Bluefield, 
West  Virginia  in  November  1978.  The  path  meets  CAT  I  specification  reaching  only  60%  of 
tolerance  limits. 
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Table  28.  Result!  of  tfie  Pertvirbotionol  Tasting  at  the  Bluefield,  West  Virginia  Sideband  Reference  Glide  Slope 
in  November  1978. 
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not  ovoi loble,  on  essentially  ideal  (i.e.,  perfectly  conducting  and  infinite  in  extent) 
terrain  Sod  to  be  auumed  for  tbe  computer  model.  Thi»  accounts  for  tbe  departure  of  tSe 
calculated  data  from  tbe  meosjred  results. 

Clearly,  tSe  results  in  Table  28  show  the  monitor  response  of  tbe  system  to  be 
non-analogue  in  nature  and  not  representative  of  fcx-field  conditions.  TSe  monitors 
ore  oversensitive  with  respect  to  far. field  cSanges.  At  no  time  did  tSe  monitors  fail 
to  indicate  an  alarm  condition  before  the  for  field  reocSed  establisSed  tolerance  limits. 

Antenna  currents  were  measured  using  a  jig-Seld  probe  designed  especially  for 
tbe  APC  Type  FA-8976  glide-slope  ontenna.  TSe  normalized  currents  for  tSe  antennas 
are  given  in  Table  29. 


1  Lower  Antenna  Element  Current* 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0° 

Runway 

-K).  9  dB 

24.0° 

CXi  ter 

♦1.9  dB 

27.0° 

Upper  Antenna  Element 

Currents 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0° 

Runway 

+  1.1  dB 

26.5° 

Outer 

♦1.1  dB 

26.5° 

The  U^per 

Antenna  is  0. 

5  dB,  and  0.  4  Degrees 

with  respect  to  the  Lowe 

r  Antenna  when  the 

center  element  currents  of  both  antennas  are 

equal. 

Table  29.  TSe  Calculated  Effective  Amplitude  ond 

Phase  for  Upper  and  Lower  Antenna  Currents 
as  Measured  at  Bluefield,  West  Virginia. 


Figures  109  and  1 10  are  tbe  calculated  horizontal  rodiation  patterns  for  tbe  upper 
and  lower  antennas  using  tbe  measured  antenna  dipole  currents.  Also  shown  on  these 
figures  ore  FAA  specifications  for  glide-slope  antennas  as  given  in  FAA-E-2429.  These 
specifications  are  not  met  principally  because  of  improper  amplitude  distribution  across 
the  dipole  array.  Current  amplitudes  for  the  outboard  ond  runway  elements  should  be 
1  to  3  dB  below  that  of  the  center  element.  This  is  not  the  case,  as  con  be  seen  from 
Table  29. 

Probe  measurements  also  show  that  the  center  element  of  the  upper  antenna  is 
♦18.4°  out  of  phase  with  respect  to  the  lower  ontenna.  The  computed  differential 
effective  phase  from  Toble  29  is  K).4°,  resulting  in  a  measured  upper  antenna  phasing 
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of  +  174.4®.  This  ii  certainly  very  close  to  ideal  phasing  (180®)  and  ii  o  further 
demonstration  that  ontenno  phasing  with  the  use  of  suitable  probes  and  the  vector 
voltmeter  con  be  a  vioble  set-up  proceAire. 

I.  Perturbotional  Stud^  of  the  Sideband  Reference  Glide  Slope  ot  Mo r go n town, 
West  Virginio. 

1 .  Summory .  A  series  of  perturbotional  testi  has  been  completed  ot  the  side- 
bond  reference  (S8R)  glide-slope  focility  of  Morgantown,  West  Virginia.  The  airborne 
measurements  were  conducted  in  March  1979  using  Ohio  University's  Minilab  Mark  3 

in  a  Beechcraft  Model  A36.  One  result  of  this  s tucfy  is  the  documentation  of  the  focility 
response  to  parametric  perturbations  introduced  into  the  system's  transmitting  er^jlpment 
ond  antennas.  The  response  of  the  system  is  predictable  ond  is  found  to  be  well  within 
CAT  I  specifications  reoching  only  40%  of  tolerance  limits.  The  near-field  monitoring 
scheme,  which  is  typical  of  sideband  reference  facilities  of  this  type,  is  found  to  be 
oversensitive  and  not  analogous  to  changes  in  the  for  field.  These  monitors  essentially 
serve  as  fault  defectors. 

2.  Discussion  of  Data  Acquisition.  The  Instrument  londing  System  at 
Morgonfown,  ^est  Virginia  serves  ftunway  u.  The  Mark  ID  transmitting  and  monitor¬ 
ing  equipment  is  located  on  the  east  side  of  the  runway  and  is  displaced  250'  (76.2m) 
from  runway  centerline.  Distonce  to  threshold  is  1  100'  (335.3m).  Type  FA-8976  APC 
glide-slope  ontennas  ore  in  use  at  the  operating  frequency  of  329.9  MHz.  Figure  111 

is  o  view  of  the  transmitting  antennas  ond  equipment  shelter  from  the  counterpoise  orea. 
Figure  112  is  a  view  out  into  the  reflecting  zone  from  the  counterpoise  area  with  the 
AIL  corner-reflector  type  monitor  antennas. 

The  1100'  (335.3m)  ground  plone  is  certainly  truncated;  however,  it  is  the 
limited  ferroin  in  the  transverse  direction  that  motivates  to  o  great  extent  the  use  of 
the  sidebond  reference  system.  Antenna  heights  ore  7.75'  (2.362m)  and  22.67'  (6.908m). 

The  sideband  reference  at  Morgantown  utilizes  a  counterpoise  measuring  20’  x 
112'  (6.1m  x  37.2m)  which  is  elevofed  from  the  local  terrain  on  overoge  of  10"  (25  cm). 
The  purpose  of  the  counterpoise  is  to  isolate  the  monitor  probes  from  environmental 
changes,  particularly  those  changes  in  the  characteristics  of  the  ground  plone  between 
the  monitor  probes  ond  the  transmitting  antennas.  Since  the  counterpoise  can  be  viewed 
os  a  raised  ground  plone  for  the  monitor  probes,  the  distonce  d  to  the  360®  point  con  be 
calculated  using  the  sfondord  formula: 


P 


where  H  and  h  are  the  heights  of  the  upper  ond  lower  critennos,  respectively,  from  the 
level  of  the  counterpoise  and  Bp  is  the  wavelength  in  feet  of  the  operating  frequency. 
The  calculated  distance  of  71.  V*  (21.91m)  compares  with  the  measured  distance  to  the 
amplitude  monitor  probe  ot  Morgantown  of  68.8'  (20.97m).  Accordingly,  the  phase 
detector  position  should  be  a  factor  of  1 . 2  forther  from  the  antenna  mast  or  at  a 
distance  of  86.3'  (26.30m).  This  compares  with  a  measured  distance  of  87.2*  (26  .  58m). 
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Prior  to  any  testing  of  the  focility,  the  normal  condition*  of  the  path  angle  ond 
poth  width  were  iefermined  with  both  pattern  A  run*  (flyability)  ond  pattern  B  run t  at 

1000*  (300m)  AGL. 

With  the  monitor  alarm  limit*  e*tabli*hed,  a  »erie»  of  *y»tem  perturbation*  wot 
introduced  .  For  each  perturbation  the  condition  of  the  *y*tem  monitor*  ond  far  field 
wa»  determined.  Airborne  data  were  collected  uiing  a  rodio  telemetering  theodolite 
o*  a  reference.  Location  of  the  theodolite  wo*  comijfent  with  U.  S.  Flight  ln*pection 
Handbook  OA  P8200.  I.  Included  in  the*e  fault*  were  changet  in  omplitude  and  phase 
of  the  sideband*  only  input  to  the  RF  di*tribufion  unit  ond  of  the  antenna  drive  current*. 
AIjo  documented  i*  the  system  re*pon*e  to  o  modulation  unbalance.  These  perturbation* 
were  introduced  by  way  of  in*ertion  of  the  proper  hondwore  of  suitable  electrical 
length.  A  line  stretcher  wos  used  to  focilitohe  the  trimming  of  the  hordwore  to  return 
system  monitor*  a*  cloiely  a*  possible  to  normal.  A  recheck  of  the  for  field  wo*  then 
mode  to  document  any  change  brought  about  by  hordwore  insertion.  Removal  of  the 
hordwore  and  return  of  the  system  to  a  normal  operating  condition  wo*  done  ofter  all 
perturbation*  were  checked.  The  system  returned  to  3. 05*/. 74*. 

Calibration  of  oirborne  equipment  is  troceoble  to  NBS  through  approved  FAA 
Repair  Station  CO7-10. 

A  jig-held  probe  ond  vector  voltmeter  were  ujed  to  obtoin  dipole  current  measure¬ 
ments  for  the  FA-8976  glide-slope  ontenna*.  These  data  were  u*ed  to  calculate  horizontal 
rodiafion  patterns  for  the  antennas.  The  calculated  pattern*  are  pre*ented. 

3.  Results.  The  airborne  check  of  modulation  equolity  showed  3  pq  90  Hz. 
Carrier-fo-sidebond  phasing  resulted  in  12  pq  90  Hz  and  a  check  of  upper  antenna  phas- 
ing  produced  10  pa  150  Hz.  The  octuol  path  ongle  in  zone  2  os  established  by  the 
pattern  A  structure  run  was  3.01*.  Thi*  poth  i*  ol*o  found  to  be  well  within  CAT  I 
specifications  reochi^g  only  40  of  established  toleronce  limits.  Figure  113  i*  the 
differential  trace  from  thi*  run.  The  path  angle  ond  path  width  a*  e»tobli*hed  by  the 
pattern  B  runs  at  1000'  (300m)  were  3.08°  .72*. 

Brood  and  sharp  alarm  conditions  produced  by  —1.25  dB  ond  *1 .  18  dB  change* 
in  sideband  power  level  resulted  in  measured  value*  for  path  width  of  .83*  ond  .64*, 
respectively.  Monitor  olarm  limits  for  high  end  low  angle  condition*  were  established 
with  a  suitable  change  in  sideband  power  unbalance.  The  far-field  conditions  far  these 
limits  were  3.14°  and  2.98*.  Path  angle  changes  produced  by  o  modulation  unbalonce 
ore  seen  in  Toble  30  to  result  in  a  predictable  response  by  the  monitors.  The  results  af 
all  perturbation*  os  well  os  normal  run*  and  olorm  conditions  ore  presented  in  Toble  30. 

With  olorm  limits  documented  and  the  normal  condition  of  the  system  determined, 
a  series  of  perturbations  was  introduced.  These  include  chonges  of  in-line  signal  amplitude 
and  phase.  The  response  of  both  the  system  monitor*  and  of  the  for  field  is  presented  In 
Toble  30.  Numbers  ore  percent  of  olorm  in  the  case  of  the  monitors  and  os  percent  of 
tolerance  limits  in  the  case  of  the  few  field.  Also  preenfed  in  Toble  30  ore  the  measured 
airborne  data  ond  the  calculated  re*p>onse  of  the  far  field.  This  calculated  respsonse  has 
been  generated  by  the  compsuter  model  OUGS. 
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Results  of  Perturbational  Testing  Done  by  Ohio  University  ot  the  Sideband  Reference 
Morgontown,  West  Virginia  in  March  1979. 


Note  that  the  results  in  Table  30  show  the  monitor  response  of  the  system  not 
representative  of  far-field  conditions.  The  monitors  are  serving  conservatively  as 
fault  detectors  indicating  alarm  conditions  before  the  for  field  reaches  tolerance 
limits. 


Dipole  currents  measured  using  a  jig-held  probe  and  a  vector  voltmeter  were 
obtained  for  the  Type  FA-8976  APC  glide-slope  antennas.  The  normalized  currents 
for  the  dipoles  are  presented  in  Table  31.(10] 


lower  Antenno  Element  Currents 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0° 

Runway 

-0.  5  dB 

27.4° 

CXifer 

-0.5  dB 

27.0° 

Upper  Antenna  Element  Currents 

E  lement 

Amplitude 

Phase 

Center 

-00.0  dB 

-00.0° 

Runway 

0.3  dB 

21.0° 

Outer 

0.3  dB 

26.0° 

The  Upper  Antenna  is  1.4  dB,  and  -2.0  degrees 
with  respect  to  the  lower  Antenna  when  the 
center  element  currents  of  both  antennas  are 
equal. 


Table  31.  Calculated  Effective  Amplitude  and  Phase  for 
the  Upper  and  Lower  Antennas  of  the  Sideband 
Reference  Glide  Slope  of  Morgantown,  West 
Virginia.  The  antennas  ore  Type  FA-8976  APC. 

These  measured  currents  result  in  the  calculated  horizontal  rodiation  patterns 
given  in  F  igures  1  I  4  and  115.  FAA  specifications  for  glide-slope  antennas  as  given 
in  FAA-E-2429  ore  also  shown  in  these  figures.  The  rodiation  patterns  os  calculated 
from  measured  data  do  not  meet  specifications  because  of  insufficient  toper  in  the  ampli¬ 
tude  distribution  across  the  array.  The  runway  ond  outer  element  amplitudes  should  be 
1  to  3  dB  below  the  center  element. 

Table  31  show,  the  ontennas  to  have  on  effective  differential  phase  of  -2.0°. 

The  measured  upper-to- lower  phasing  using  a  vector  voltmeter  was  ♦  1 8 1  °  when  viewed 
at  the  center  elements  of  the  antennas.  The  composite  phasing  of  the  upper  antenna 
con  be  considered  to  be  the  algebraic  sum  of  these  values  or  *179°.  Upper  antenna 
phasing  using  the  vector  voltmeter  ond  probe  is  seen  to  be  a  viable  installation,  main¬ 
tenance,  ond  set-up  tool  which  con  conserve  flight  time  during  commissioning  or  periodic 
flight  checks. 
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Figure  114.  Calculated  Horizontal  Radiation  Pattern  for  the  Upper  Antenna  (Type  FA-8976  AP< 
ot  the  Morgontorm,  Weit  Virginia  Sideband  Reference  Glide  Slope  in  March  1979 


J.  Wheeling,  Wot  Virginio  Sidebond  Reference.  Numerous  attempts  were  made 
to  obtain  data  on  sidebond  reference  system  performance  at  Wheeling,  West  Virginia. 

In  spite  of  two  visits  to  the  site,  weather  and  equipment  difficulties  prevented  a  complete 
systematic  perfurbafional  study  from  being  completed.  Portiol  data  was  obfoined,  but 
without  the  complete  set  on  analysis  of  the  system  performance  was  not  possible. 

K.  SBR  Counterpoise  functions  and  Requirements. 

I .  Concept  and  Purpose.  The  term  counterpoise  is  commonly  used  to  mean  a 
counterbalance  or  o  force  of  on  equal  magnitude  operating  in  on  opposite  direction.  As 
applied  in  the  context  of  electrical  engineering,  if  refers  to  counterbalance  of  electrical 
charges  provided  by  a  conducting  surfoce.  Common  usage  has  coused  the  term  counter¬ 
poise  to  toke  on  the  meaning  of  cn  artificial  ground  plone  for  on  antenna  system. [II] 

One  might  logicolly  ask.  Why  provide  o  counterpoise  when  the  earth  itself  can 
serve  this  purpose There  ore  several  good  reasons,  some  of  which  ore:  (1)  o  smoother 
surfoce  may  be  desired,  (2)  greater  stability  in  the  reflection  coefficient  may  be  needed, 
(3)  protection  from  effective  height  changes  is  sometimes  required,  and  (4)  elevation  of 
the  antenna  may  be  desired  without  chonge  in  the  vertical  radiation  pattern  and  the 
associated  impedance. 

The  sidebond  reference  glide-slope  system  operates  with  monitor  detector  probes 
within  80'  (24.4m)  of  the  transmitting  antenna  most  and  but  o  few  feet  from  the  ground. 
This  positioning  mokes  the  probes  very  sensitive  to  environmental  effects.  The  monitor 
thus  becomes  sensitive  to  factors  which  do  not  affect  the  far-field  signal  performance. 
Experience  has  shown  that  if  is  necessary  to  protect  the  monitors  from  some  environmental 
changes  such  as  changes  of  moisture  in  the  earth  ground.  This  protection  is  best  provided 
by  installation  of  a  counterpoise.  Wher.  considering  the  three  imoge-type  glide  slopes, 
the  sideband  reference  is  most  vulnerable  to  near-field  environmental  changes.  This 
section  on  counterpoises  emphasizes  the  sidebond  reference  glide-slope  system  and 
its  monitoring,  because  counterpoises  ore  nearly  always  required  with  It. 

Since  the  value  of  the  conductivity  for  most  metals  is  found  to  be  sufficiently 
^'9^»  galvanized  steel  wire  mesh  such  as  hardware  cloth  is  commonly  used  to  conserve 
cost  and  weight.  Copper  wire  screen  with  needed  grid  dimensions  is  not  readily 
ovai  loble. 

There  is  a  need  to  determine  a  bound  for  the  dimension  of  the  counterpoise. 

From  a  theoretical  consideration  the  dimension  requirement  decreases  exponentially, 
such  that  at  a  given  distance  the  effecti  of  truncation  ore  sufficiently  low  as  to  produce 
minimum  undesirable  effects. 

In  practice,  therefore,  it  is  common  to  find  on  areo  of  steel  wire  mesh  screening 
located  specifically  with  respect  to  driven  ontenno  elements  to  control  ond  sfoblllze 
the  vertical  radiation  patterns  of  VOR,  US  localizers,  marker  beacons,  mony  glide 
slopes,  ond  nondirecfional  beacons.  The  NDB  antenna  counterpoise,  consisting  of 
buried  single  conductors,  may  be  more  extensive  but  simpler  due  to  wavelength 
considerations. 
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With  respect  to  the  contemporary  sideband  reference  glide  slope,  the  counterpoise 
becomes  o  reasonably  well-defined  object.  It  is  employed  to  provide  a  stoble  environ¬ 
ment  far  the  monitor  operation  by  eliminating  effects  of  changes  in  ground  characteristics 
on  the  signals  arriving  at  the  monitor  probes  approximately  75'  (22.9m)  in  front  of  the 
transmitting  antennas.  Following  is  a  discussion  of  details  concerning  deployment  of 
counterpoises  for  application  with  the  sideband  reference  glide  slopes. 

2.  Theory.  Consider  a  horizontal  dipole  antenna  located  ir  free  space  (see 
Figure  116).  The  electric  current  I  is  in  the  x-direction,  thus  yielding  an  omnidirectional 
electric  field  radiation  pattern  in  the  yz-plane.  This  field  is  normal  to  the  yz-plane, 
and  thus  parallel  to  the  xy-plane  along  the  y-axis.  If  thexy-plane  is  mode  conducting, 
then  this  electric  and  magnetic  field  may  be  considered  to  be  terminated  by  an  electric 
ond  fictitious  magnetic  current  respectively  produced  in  the  surface.  These  parasitic 
currents  may  be  then  considered  as  secondary  sojrces  producing  their  own  rodioted  fields. 

A  simpler  view  may  be  that  of  considering  the  field  to  be  reflectea  from  the  con¬ 
ducting  surface.  Optical  principles  mcry  be  applied  to  identify  the  regions  of  maximum 
radiation.  Assumptions  of  perfect  conductivity  permit  simplified  calculations  of  radiation 
patterns. 

Once  the  conducting  plane  has  been  established, obviously  the  omnidirectional 
field  pattern  has  been  altered.  One  common  ond  convenient  method  of  determining  the 
resultant  pattern  is  by  the  use  of  image  theory.  [  I  2J  This  assumes  the  existence  of  a  second 
antenna  an  equal  distance  below  the  ground  plane  with  currents  equal  in  magnitude  but 
180°  out  of  phase  with  the  principal  source.  The  interference  pattern  calculated  for  the 
pair  of  two  ontennas  is  then  considered  to  exist  only  in  that  portion  of  space  above  the 
ground  plone.  [13,14] 

It  should  be  evident  from  the  drawing  in  Figure  116  that  the  efficiency  involved 
in  the  reflection,  i.e.,  rerodiotion  process,  is  affected  by  the  resistive  (ohmic)  loss 
affecting  the  electric  current.  Attenuation  of  this  sheet  current  will  obviously  result  in 
weoker  fields  being  rerodiated. 

Further,  it  should  be  evident  from  the  some  drawing  that  the  organization  of  the 
currents  in  the  ideal  ground  is  based  on  the  orientation  of  the  incident  fields.  Rerodiotion 
then  is  consistent  with  the  vectors  representing  the  incident  fields.  Should  gaps  or  dis¬ 
continuities  in  the  conducting  surface  exist,  the  currents  clearly  must  form  or  organize  to 
be  compatible  with  conducting  paths.  Should  o  current  be  prevented  from  flowing  in 
the  path  consistent  with  the  incident  field,  it  will  tote  an  alternate  path,  thus  producing 
a  reflected  field  with  changes  in  mplitude,  phase  ond  po'arization  from  that  which 
would  be  produced  with  the  ideal  reflector.  The  significance  of  this  onomolous  con¬ 
tribution  is  dependent,  generally,  on  its  magnitude.  The  magnitude  is  dependent  on 
the  relative  size  of  the  interrupting  gap  with  respect  to  resonance  (wavelength). 

A  worst-case  type  condition  is  where  there  ore  air  gaps  in  the  conducting  surface 
with  dimensions  which  ore  resonant  at  the  frequency  of  the  incident  signal.  If  these  slots 
ore  perpendicular  to  the  flow  of  the  electric  sheet  current  normally  established  by  the 
incident  mognetic  field,  then  a  new  current  pattern  will  be  set  up.  This,  in  effect. 
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interrupt!  the  current  elements  and  reorganize*  them  into  a  new  pattern.  The  resulting 
rerodiated  fieldi  will  have  new  pattern*  and  polarization*.  In  practice,  the*e  would 
tend  to  be  irregular  ond  would  produce  conjiderable  space  variation  in  the  signal. 

Should  these  slot  dimensions  formed  by  gapping*  and  metal  contacts  be  time  vorying 
(with  wind  or  corrosion),  then  the  space  patterns  would,  of  course,  be  time  varying. 

Corrosion  ccn  alter  the  conductivity  and  ccuse  losses  and  le*s  than  optimum 
reflections.  Moisture  will  produce  other  variations  In  ohmic  losses. 

3.  Fabrication.  When  fabricating  a  counterpoise  for  a  sideband  reference 
system,  it  is  important  to  keep  in  mind  certain  aspect*  of  the  theory  just  mentioned. 

(a)  Dimensions  of  Counterpoise.  The  magnitude  and  phase  of  the  currents 
induced  on  the  ground  plane  are  related  to  the  fresnel  zones.  [15]  The  currents  which 
are  principal  contributors  to  the  resultant  rodiated  electromagnetic  fields  are  located 
in  what  is  termed  the  first  fresnel  zone.  Therefore,  it  is  necessary  as  a  very  minimum 
to  contain  this  first  fresnel  area  when  the  counterpoise  is  constructed.  Because  the 
counterpoise  is  at  a  different  height  than  the  earth  ground,  and  edge  effects  may  be 
a  contribution  to  the  field  patterns,  it  is  desirable  to  extend  the  counterpoise  by  50 
to  100%.  An  acceptable  sideband  reference  counterpoise  will  hove  dimensions  of 
20  by  80*  (6.  I  x  24.4m),  with  the  phase  detector  near  the  for  edge  from  the  transmitting 
antennas.  Even  with  this  size  counterpoise, snow  banks  off  the  edges,  for  example, 
will  be  observed  by  the  monitor  detectors. 

The  use  of  comer  ref  lector-type  transmitting  antennas  reduces  slightly  the 
requirements  on  the  size  of  the  counterpoise  for  that  appropriate  for  dipole  ontennas. 

No  tests  have  been  conducted;  however,  calculated  patterns  suggest  that  10'  (3.1m) 
of  counterpoise  may  be  eliminated  immediately  in  front  of  the  transmitting  ontennas 
when  comer  reflectors  ore  used.  The  fresnel  zone  being  centered  nearer  the  monitor 
detector  probes  because  of  their  low  height  also  favors  elimination  of  several  feet  of 
ccxjnterpoise  near  the  transmitting  mast.  If  a  forward- looking,  receiving  antenna  is 
used  for  the  monitor  probes  then  there  is  no  need  for  counterpoise  behind  the  probe 
antenna. 


(b)  Size  of  Wire  Mesh  or  Spacing  of  Wires.  The  conductor  which  is 
effective  in  reflecting  signal  must  be  parallel  to  the  electric  field.  This  means  that 
the  conducting  wires  perpendicular  to  the  reflecting  contactors,  such  as  exists  in 
wire  mesh  fence  material,  are  serving  strictly  as  physical  support  members.  It  is 
important  to  note  this  distinction,  viz,  the  controlling  factor  of  the  spacing  S  in 
Figure  117  is  electrical  and  the  controlling  factor  D  is  physical. 

The  allowable  spacing  S  con  be  obtained  from  Table  32.  If  the  spacing  be¬ 
comes  too  great,  the  reflection  coefficient  decreases  in  magnitude.  With  spocings 
greoter  than  18"  (46cm)  the  reflector  begins  to  produce  lobing.  A  1/10  wavelength 
spacing  or  less  is  usually  needed  to  give  satisfactory  results  in  eliminating  the  effects 
of  the  earth.  Wire  mesh  with  3”  (8cm)  spacing  or  less  in  the  longitudinal  direction 
is,  therefore,  recommended. 
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Figure  117.  Counterpoise  Loyout  for  Sidebond  Reference  System. 


REFLECTION  COEFFICIENT 
(Grazing  Angle  is  16  Degrees) 

1  No .  1 0  Wire 
Diameter 

Spacing  in 

A 

Amplitude 

Phase 

Degrees 

lnch« 

M7TT7- 

Ulfcicii. 

0.102 

2.55 

0.  100 

0.9710 

164.7 

0.102 

2.55 

0.200 

0.8441 

147.8 

0.102 

2.55 

0.30° 

0.6905 

133.9 

0.102 

2.55 

0.400 

0.5495 

123.3 

Table  32.  Reflection  Coefficients  Produced  by  No.  lOWire  with 
Vorious  Spocings. 

The  lateral  spocing  D  con  be  ony  value  consistent  with  the  mechonicol  require¬ 
ments.  When  the  conductors  ore  run  longitudinally,  care  should  be  token  to  insure  the 
laterally  run  conductors  remain  continuous. 

The  spocing  of  the  longitudinal  members  may  be  any  value.  In  foct,  they  may 
be  eliminated  altogether  if  transverse  wires  ore  stretched  to  be  parallel  to  the  electric 
field.  If  a  wire  mesh  is  used,  core  should  be  token  to  insure  that  the  transverse  wire 
is  continuous,  thus  avoiding  the  use  of  only  twist  connections  for  continuity.  If  o  roll 
of  wire  screen  is  used,  it  is  usually  best  from  wire  continuity  considerations  to  run  the 
stock  transversely  since  the  long  wire  elements  are  usually  run  lengthwise  in  the  roll. 

The  basic  concern  should  be  to  provide  a  continuous  electric  path  transverse 
to  the  line  from  the  transmitting  antennas  to  the  monitor  detector  probes.  If  sections 
of  wire  mesh  ore  run  longitudinally  or  parallel  to  this  line,  there  is  a  strong  burden 
then  ploced  on  the  electrical  ties  from  one  section  of  the  mesh  to  another.  Ties  tend 
to  corrode  in  time  leading  to  problems  of  instability. 
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(c)  Spacing  of  Ties.  When  section*  of  chicken  wire,  hardware  cloth  or 
fencing  ore  run  in  fKe  longitudinal  direction,  it  is  important  to  tie  (bond)  these  to  neigh¬ 
boring  sections  so  that  on  effectively  continuous  electrical  wire  exists  in  the  tronsverse 
direction.  To  meet  the  electrical  requirements,  a  bond  should  be  mode  every  3  M  (8cm) 
(note  Figure  I  18).  These  bonds  must  hold  up  ogoinst  mechanical  failure  and  corrosion. 
Use  of  solder  and  brazing,  of  course,  odds  heat  and  destroys  existing  corrosion  protection 
on  the  wire.  Care  must  be  taken  to  restore  this  protection.  The  penalty  for  not  doing 

so  will  be  the  vulnerability  to  intermittent*  and  instability  in  the  operation  of  the 
monitors. 

(d)  Conductivity.  Obviously  a  perfectly-conducting  material  is  ideal. 
Copper  is  excellent  tut  expensive.  The  practical  conducting  element  usually  turns 
out  to  be  steel  with  a  conductivity  of  approximately  10^  mhos  per  meter,  compared 
with  6  x  107  for  copper.  Although  this  is  not  particularly  good,  experience  has  shown 
that  it  is  adequate  ond  good  monitor  operation  con  be  maintained  if  approximately  a 
*12  wire  size  is  used. 

(e)  Height  of  Counterpoise.  Even  though  the  purpose  of  the  counterpoise 
i  to  isolate  the  monitors  from  the  environment,  a  complete  isolation  is  not  desired. 

)ne  major  reason  is  to  detect  the  accumulation  of  snow.  A  few  inches  on  a  ground 
/ill  usually  affect  the  monitor  detectors,  but  will  not  be  evident  on  the  for  field, 
f  is,  therefore,  desirable  to  set  the  height  of  the  counterpoise  8  to  12"  (20  to  31cm) 
ibove  the  earth  such  that  when  the  snow  passes  through,  builds  up  below,  ond  possibly 
>egins  to  rise  above  the  conductors,  the  monitor  will  then  alarm  os  the  total  snow  on 
he  for-field  reflecting  ground  causing  the  path  of  the  oirplcne  to  reoch  its  tolerance, 
ibould  the  counterpoise  be  at  ground  level,  then  the  olorm  would  be  premature  be- 
:ause  of  the  greater  sensitivity  of  the  monitor. 

A  wide  mesh,  as  has  been  described,  gives  a  lower  reflection  coefficient 
necr»ing  that  some  of  the  electromognefic  energy  penetrates  through  the  mesh  to  the 
egion  below.  Thus,  should  snow  build  up  below  a  wide  mesh  screen,  the  monitor 
will  begin  to  show  effects  before  the  accumulation  is  above  the  screen.  A  fine  mesh, 
on  the  other  hand,  will  be  a  better  reflector,  i.e.,  have  a  higher  reflection  coefficient, 
out  it  will  collect  snow  rather  than  pass  if  to  the  earth  below.  As  a  result,  the  monitor 
responds  excessively  to  fhot  appropriate  for  predicting  for-field  conditions.  The  tradeoff 
is  then  between  a  wide  mesh  to  let  the  snow  through  and  a  fine  mesh  to  meet  electrical 
requirements.  The  3"  (8cm)  size  is  a  good  compromise. 

Protection  should  be  provided  so  that  the  monitor  is  at  or  near  alarm  with  o  totol 
accumulation  of  8"  (20cm)  of  snow  on  the  earth.  [16)  This  means  with  o  ground  plane 
elevation  of  8”  (20cm),  all  of  the  snow  falling  through  a  3"  (8cm)  mesh,  a  fcr-field 
tolerance  will  be  reached  when  o  few  inches  of  snow  rises  obove  the  mesh  to  give 
on  alarm. 
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In  some  mow  condition*  the  f or— f i« Id  toleronce  ha*  been  reached  with  8"  (20cm) 
of  mow  on  the  ground  plane.  Serving  the  for  field  in  general,  however,  it  require* 

12  to  15“  (31  to  38cm)  to  reach  for-field  toleronce  value*.  Protection  usually  ha*  been 
for  thi*  latter,  but  an  8"  (20cm)  height  thou  Id  be  odopted  whenever  proctical. 

The  counferpoi*e  *erving  a*  o  ground  thould  e*tabli*h  and  control  the  imoge* 
for  the  imoge  ontenno  tideband  reference  system  a*  teen  by  the  monitor*.  The  fact 
that  the  counterpoite  it  finite  in  extent  mean*  that  it  it  not  a  complete  control  *ince 
tome  of  the  earth  will  alto  be  reflecting  »ignal  to  the  probe*. 

From  o  theoretical  standpoint,  it  it  important  to  note  that  if  the  counterpoite 
it  at  retonant  height  above  ground,  toy  9"  (23cm),  then  it  it  conceivable  that  the  area 
between  the  counterpoite  edge  and  the  earth  might  become  a  ilot  rodiotor  thould  it 
oe  excited  properly.  Thi*  would  produce  on  interference  problem  which  could  create 
observed  path  roughnet*  on  flight  check*  of  the  path  structure.  Earth  grounding  strip* 
would  not  necettarily  tolve  thii  problem.  The  bett  solution  it  to  ovoid  exciting  thi* 
probable  radiator,  i.e.,  avoid  stray  radiation  from  the  hut  and  other  attembliet. 

(f)  Smoothnet*.  Since  it  it  not  postible  to  conttrucf  o  perfectly  smooth 
ground  tcreen,  tome  contiderafion  mutt  be  given  to  allowable  toleronce*.  First  and 
foremost,  the  tcreen  must  be  ttable.  Variation*  in  the  turfoce  of  the  tcreen  will  produce 
change*  at  the  monitor  which  ore  unrepretentoti ve  of  the  for  field.  Electricol  require¬ 
ments  will  be  met  and  a  tatitfoctory  appearance  obtained  if  o  *1"  (2.54cm)  tolerance 

is  maintained  over  the  turface  area.  Electricol  tolerance!  will  allow  greater  turfoce 
irregu  lari  tie*  thon  thii  if  they  ore  invorient  with  respect  to  time  and  the  monitor*  ore 
adjusted  to  accommodate  them. 

(g)  Ground  Potential.  The  counterpoite,  even  though  it  it  serving  at 

a  ground,  doe*  not  need  to  be  at  a  DC  ground  potential  to  terve  its  purpote  from  radio 
frequency,  monitor  contiderafion*.  There  ore  other  consideration*,  however,  that  make 
thit  DC  grounding  detiroble,  such  at  protection  of  personnel  from  thock  hazard,  lightning 
protection,  and  elimination  of  undesirable  equipment  grounding  problems. 

4.  Conditions  to  Avoid.  There  ore  several  item*  which,  if  not  oddretted, 
con  provide  significant  problems  in  operating  the  sideband  reference  monitor  system. 

All  foctors  which  might  prove  variation*  of  physical  condition  with  time  should 
be  tcrufinized.  Phyticol  stability  it  essential,  because  in  most  case*  the  electrical 
stability  of  the  monitoring  tyttem  will  be  critically  dependent  on  it.  Wooden,  support¬ 
ing  forms  which  are  frequently  used  should  be  made  from  lumber  which  has  been  pressure 
treated  to  resiit  insects,  rot  and  decay.  All  metols  uted  in  the  construction  should  be 
galvanized  or  treated  with  primers  to  prevent  corrosion.  Bonding  points  should  be  very 
carefully  protected  with  point,  plastic  sealers,  or  other  coofingt  which  resitt  sunlight 
and  moisture. 
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Core  should  be  taken  to  insure  thot  no  ilot  rod  i  a  tori  Save  been  created.  For 
example,  bonding  every  36"  (91cm)  between  longitudinally-run  sections  of  wire  mesh 
invariably  ends  up  producing  gop*  which  are  Interrupting  ground  current!  to  form  effective 
re*  on  ant  slot  ®itenna*.  Polarization  of  tignals  from  these  it  horizontal  on d  very  effective 
in  determining  the  sample  acquired  by  the  monitor  probe.  Adjusting  the  monitor  Ini  Hally 
com  pen  vote*  for  thi*  radiation  kxjt  it  it  frequently  uni  table,  thu*  producing  monitor 
variation*. 


He xogona I -configured  chicken  wire  is  undeiiroble  becouie  of  the  irregular 
current  paths  if  produce*. 

5*  °f  Construction  Suggestions.  The  ideal  counterpoise  is  impossible 

to  build.  The  following  is  a  description  of  a  proctical  counterpoise  which  should  be  of 
reasonable  cost. 


t  P'f*y  frames  of  pressure-treated  2  by  4  lumber  stock  are  constructed  with  4* 
by  8'  (1.2m  X  2.4m)  dimensions  (see  Figure  119).  A  centrol  crass  brace  is  suggested 
to  form  4'  by  4'  (1.2m  x  1.2m)  square  areas.  Farm  fencing  with  3“  (8  cm)  spacing  in 
the  width  dimension  on  the  screen  roll  is  to  be  used  and  run  continuously  in  the  traverse 
direction  covering  5  forms.  Desirably  the  screen  should  hove  a  4'  (1.2m)  width  to  con¬ 
form  to  the  spacing  of  the  form  elements.  The  wire  should  be  continuous  lengthwise  in 
the  fencing  roll.  Twenty  such  transverse  runs  of  the  fencing  on  the  forms  will  provide 
for  a  complete  ground  plane.  With  thi,  configuration  of  fencing,  there  i,  no  require¬ 
ment  for  ties  or  bonding  except  for  mechanical  stability  and  ottochment  to  the  forms. 
Triangular  corner  broces  should  be  used  on  the  rectcvngular  forms. 


The  forms  ore  placed  on  8”  (20crn)  high  cement  blocks  supporting  each  comer 
and  the  central  areas.  Narrow  walkways  ore  provided  in  the  central  areas  to  provide 
occess  by  maintenance  personnel.  These  walkways  should  be  painted,  single  I  by  8 
sheathing  laid  over  areas  which  are  provided  additional  concrete  block  support  below. 
The  surfoce  area  created  for  walkways  should  be  minimized  to  prevent  water,  snow, 
and  debris  accumulation,  and  located  aside  of  the  major  axis  for  the  fresnel  areas  serv¬ 
ing  the  monitor  detectors.  These  suggestions  are  shown  pictorially  in  Figure  120. 

Many  counterpoises  hove  been  built  for  sideband  reference  system  use  and  ore 
operating  successfully.  Figure,  12lo  and  b  show  examples  of  elevated  counterpoise, 
in  current  use.  Figure  121c  shows  a  crude  counterpoise  formed  simply  by  plocing 
wire  mesh  directly  on  the  ground.  Such  a  mechanization  of  a  counterpoise  does  serve 
the  basic  electrical  requirements,  but  is  quite  vulnerable  to  snow  effects  and  to  corrosion 
promoted  by  the  moist  ground. 


-352- 


1 

EMmM 
fTrm  f ! 

I  *  4  f  f  f  J  * 

/  '  /  /  f  i  i 

\  *  *  hr!  /  i  • 
w4  t  pW  jA  f  — 4 

ud.4M  i 

HF^T  T'-f  ! 

■ 

V 

B 

;  ;  1 

1 

Figure  121c.  Photograph  of  Existing  Counterpoise.  This  is  an 
example  of  conducting  mesh  laid  directly  on  fhe 
earth.  This  obviously  is  ot  a  site  where  no  snow 
is  expected. 
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ILS  ANOMALY  INVESTIGATIONS 


A.  Investigotiqp  of  a  Deficiency  in  the  FA-5723  Cleorance  Transmitter  Monitor. 

I*'  '  - 

1.  Introduction.  Modifications  of  the  FA-5723  cleorance  transmitter  monitor 
have  been  designed  and  implemented.  These  changes  permit  the  monitor  to  respond  pro¬ 
perly  to  all  fault  conditions  in  the  transmitter  and  lood  termination. 

The  FA-572  3  clearance  transmitter  is  a  self-monitoring  system  that  is  designed 
for  operation  in  a  capture  effect,  glide-slope  system.  The  self-monitoring  capability 
is  essential  in  the  cleorance  transmitter  since  its  output  is  intentionally  canceled  in, 
and  thus  not  seen  by,  the  capture  effect  system  monitor.  Therefore,  in  order  to  main¬ 
tain  system  integrity,  the  clearance  transmitter  output  must  stay  within  given  tolerances 
or  on  alarm  must  be  indicated  by  the  clearance  transmitter. 

It  has  been  discovered  that  the  monitor  of  the  FA-5723  clearance  transmitter 
does  not  adequately  respond  to  certain  fault  conditions.  Specifically,  tuning  capacitors 
on  the  transmitter  output  (C740,  C751,  and  C763)  con  be  detuned  and  or  the  output 
tronsistor  (Q710)  can  be  shorted  so  as  to  drive  the  output  power  to  less  than  one-fourth 
watt  without  the  system  indicating  alarm. 

2.  RF  Level  and  Lood  Termination  Monitoring  Circuitry.  The  FA- 5723 
internally  monitors  four  components  of  its  output  signal:  (1)  modulation  percentage, 

(2)  frequency  lock  (AFC),  (3)  RF  level,  and  (4)  lood  termin.  tion.  Modulation  per¬ 
centage  and  frequency  monitor  functions  have  been  shown  tu  perform  adequately  ond 
are  not  discussed  here. 


An  RF  level  detector  is  used  on  the  final  stoge  of  the  RF  amplifier  to  provide  on 
onalog  of  the  output  power  (see  Figure  122).  This  detector  consists  of  components 
C759,  CR701 ,  CR702,  R727,  C765,  C 767,  and  R729.  The  RF  input  for  the  detector 
circuit  is  from  a  tap  on  inckictor  L717  ond  it  coupled  to  a  voltage  doubler/ detector 
which  provides  a  voltage  to  pin  E  of  the  RF  module  that  is  intended  to  be  on  analog 
of  the  output  voltage. 

Experimental  data  shows  that  the  output  of  this  detector  does  not  provide  on 
onalog  of  the  output  for  certain  conditions  such  as  detuning  the  output  trimmer 
capacitors.  In  foct,  it  appeors  that  the  detector  output  follows  the  voltage  on  the 
previous  amplifier  stoge  with  greater  occurocy  than  it  follows  the  final  output.  A 
possible  explanation  for  this  ?i  that  the  detector  coupling  to  the  final  is  not  tight 
(RF  coupling  is  made  through  a  1.0  pf  capacitor)  ond  there  is  a  good  deal  of  RF 
within  the  RF  module  that  could  be  coupled  to  the  detector  through  stray  capocifonce. 
The  reason  that  the  FA-5723  does  not  alarm  when  the  output  is  detuned  is  that  the 
RF  detector  used  to  measure  the  output  power  is  captured  try  signals  other  than  the 
desired  output  signal. 
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The  Load  Termination  Monitor  (LTM)  it  ittelf  on  RF  detector  located  approxi¬ 
mately  90  electrical  degreet  beyond  the  R F  level  detector.  It  was  ossumed  that  out- 
of-toleronce  V^VR  would  caute  one  of  these  monitort  to  thow  a  decrease  in  signal 
sufficient  to  result  in  an  alarm.  Experiments  showed  that  the  LTM-RF  level  combination 
could  easily  be  fooled  and  it  was  dropped  os  a  solution  even  though  the  LTM  sensitivity 
could  be  improved  sufficiently  to  permit  it  to  respond  to  nulls  if  they  occurred  at  its 
location. 


3.  Modification.  Several  modification  design  concepts  hove  been  evaluated 
to  determine  the  one  that  is  most  feasible  in  terms  of:  (I)  meeting  monitoring  require¬ 
ments,  (2)  requiring  minimal  circuit  alterations  to  existing  equipment,  (3)  not  changing 
transmitter  set-up  procedures,  (4)  component  availability,  and  (5)  cost.  The  selected 
design  qualifies  in  all  of  the  above  oreas  and  has  been  shown  to  work  effectively  in 
on  installation  at  Lafayette,  Indiana  as  well  os  in  the  laboratory. 

As  previously  stated,  the  monitor  network  has  been  observed  to  be  deficient 
in  detecting  certain  fcxrlt  conditions  in  power  output  end  load  termination.  These 
deficiencies  con  both  be  rectified  by  the  installation  of  o  bi-directional  coupler, 
along  with  interfacing  circuitry,  on  the  transmitter  output.  The  forward  power 
port  of  this  coupler  is  used  to  provide  on  analog  of  the  output  power  to  the  monitor 
circuitry;  since  this  detector  is  external  to  the  RF  module,  its  operation  will  not  be 
hindered  by  the  RF  interference  affecting  the  existing  detector.  The  reflected 
power  port  of  the  coupler  is  used  os  a  load  termination  sensor.  If  the  transmitter 
is  properly  terminated,  the  reflected  power  will  be  low,  and  on  improper  termination 
anywhere  on  the  transmission  line  will  result  in  o  high  reflected  power.  The  required 
inter.oce  circuitry  amplifies  the  onolog  of  forward  power  so  as  to  emulate  the  existing 
defector  and  also  compares  the  reflected  port  output  with  a  presettable  threshold  value; 
if  the  reflected  port  output  exceeds  that  value,  a  transmission  gate  is  actuated  so  as 
to  couse  the  analog  of  output  power  going  to  the  monitor  to  go  to  zero  volts,  thus  causing 
an  alarm. 

This  monitoring  scheme  allows  for  the  monitoring  of  load  termination  ond  RF 
level  solely  by  the  RF  level  monitor  which  obviates  the  need  for  the  LTM.  However, 
since  the  LTM  is  not  adjusted  by  the  technician,  there  need  not  be  ony  change  in 
set-up  procedures. 

A  schematic  diogrom  of  the  interface  between  the  bi-directional  coupler  and 
the  monitor  circuitry  is  shown  in  Figure  123.  Power  for  this  interface  comes  from  the 
clearance  transmitter  power  supply;  the  interface  requires  -15  volts  ond  uses  15  mi  lli- 
amperes  of  current.  As  seen  in  Figure  123,  the  incident  output  of  the  coupler  is  amplified 
before  being  fed  to  the  transmission  gate.  The  resistors  that  determine  voltage  gain, 

Rj  ond  Rj,  have  been  selected  so  as  to  provide  the  some  levels  os  does  the  existing 
detector.  The  reflected  output  of  the  coupler  is  fed  to  a  comparator.  When  the  re¬ 
flected  port  voltoge  is  less  negotive  than  the  reference  voltoge,  which  is  set  by  the 
potentiometer,  the  output  of  the  operational  amplifier  will  be  ot  ground  potential. 

A  ground  on  the  transmission  gate  control  line  will  couse  the  gate  to  appeor  os  a 
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closed  switch  thus  connecting  the  amplified  incident  voltoge  to  the  output.  Should 
the  reflected  port  voltoge  become  more  negative  than  the  reference  voltoge.  the 
operational  amplifier  output  will  be  at  -1  5  volts.  This  voltoge  on  the  transmission 
gate  control  line  will  electrically  open  the  switch  which  will  ccvse  the  output  to 
go  to  zero  volts  through  RQ. 

(a)  Modification  Procedure.  This  modification  should  be  performed  only 
on  a  system  that  is  initial  ly  operating  properly  ond  with  no  olarm  conditions  indicated. 

A  prototype  of  on  auxiliary  monitor  defector  (AMD)  required  to  perform  the 
modification  is  shown  with  cover  removed  in  Figure  124.  This  unit  is  to  be  installed 
on  the  output  jock,  of  the  transmitter  (XJ102)  as  shown  in  Figures  125  and  126. 

Once  the  AMD  is  connected  to  the  transmitter  output,  three  wires  must  be 
connected  to  the  AMD  to  complete  the  modification.  The  block  ground  wire  connected 
to  the  "GND"  ferminol  of  the  AMD  is  to  be  attoched  to  the  transmitter  chosis.  As  shown 
in  Figure  125,  this  is  accomplished  by  connecting  the  terminal  lug  on  the  ground  wire 
to  the  chassis  screw  nearest  the  transmitter  output  port  (XJI02). 

The  orange  wire  thot  is  presently  connected  to  C767  or  "DET"  on  the  RF  module 
is  to  be  disconnected  from  C767  and  connected  to  "DET"  on  the  AMD.  This  oronge  wire 
should  be  long  enough  to  moke  the  connection  without  requiring  a  splice. 

The  -15  volts  for  the  AMD  is  supplied  by  pin  17  of  the  power  supply  board 
which  is  presently  unused.  The  pointers  in  Figure  126  show  where  c  wire  connects 
to  pin  17  of  the  power  supply  board  ond  where  it  leaves  the  chasis.  A  hole  hos  been 
drilled  (9/23")  and  fitted  with  o  gromef  to  moke  on  opening  for  the  -15  volt  wire.  This 
wire  connects  to  "-15"  on  the  AMD.  This  completes  the  modif Section  installation. 

The  transmitter  con  be  restored  to  normal  operating  configuration  by  connecting  the 
cable  that  hod  been  connected  to  XJ102  to  the  AMD  output. 

The  transmitter  monitor  can  now  be  calibrated  as  specif  ed  in  the  clearance 
transmitter  handbook.  The  lood  termination  monitoring  capability  can  be  evaluated 
by  connecting  a  voltmeter  to  "DET"  on  the  AMD.  When  the  transmitter  is  on  ond 
properly  terminated,  the  voltmeter  should  read  between  -1.0  ond  -5.0  volts.  With 
on  improper  termination  on  the  AMD  output  (such  as  on  open  or  a  short),  this  voltoge 
will  drop  to  zero  if  the  AMD  is  working  correctly.  The  shorting  of  the  voltoge  on  this 
line  to  ground  for  on  improper  termination  is  the  only  functional  difference  between  the 
modified  and  unmodified  transmitter. 

4.  Recommendations.  This  modification  procedure  has  been  shown  to  be  effective 
in  removing  the  monitoring  deficiency  observed  in  the  FA-5723  ond  FA-8633  clearance 
transmitters.  This  problem  is  felt  to  be  serious  enough  to  be  of  concern  to  oir  ‘rofflc 
using  glide-slope  facilities  employing  one  of  the  aforementioned  cleoronce  transmitters. 

Because  the  modification  design  presented  here  is  considered  to  be  optimum  in 
terms  of  both  performance  ond  installation  considerations,  it  is  recommended  that  it  be 
applied  to  every  facility  using  the  cle<ronce  transmitters  in  question. 
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Figure  126. 


Picture  of  Completed  Modification  Showing  Connection  to  the 
-15  Volt  Power  Supply. 
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B.  Investigotion  of  Glide- Slope  Performonce  ot  ftjnwoy  22L,  Boston  Logon 
Airport. 

1.  Conclusions.  The  results  obtained  from  the  computer  model  indicate 

that  a  null  reference  gli  Je  slope  Installed  at  tbe  present  location  will  not  meet  Category 
I  tolerances.  The  flyablllty  roughness  (80  microamperes  excursion  In  zone2)  and  poor 
crossovers  observed  by  the  FAA  Cl 7]  ore  confirmed  by  the  computed  results.  In  oddition, 
calculations  Indicate  that  tidal  effects  will  cause  the  path  angle  to  change  by  approxi¬ 
mately  0.2*  <nd  the  symmetry  to  change  from  44/56  to  19/81  as  the  tide  vories  from 
high  to  low.  Thus,  the  null  reference  system  would  be  out  of  tolerance  due  to  both 
tidal  changes  and  path  roughness,  in  contradiction  to  the  prediction  made  by  Westinghouse 
that  a  null  reference  system  would  perform  satisfactorily.  Cl 83 

The  computed  results  also  confirm  FAA  observations  on  the  capture  effect  system. 
The  computations  show,  depending  upon  the  tide  level,  that  the  path  angle  for  the 
capture  effect  system  would  be  as  much  os  0.26*  below  that  for  a  null  reference  system 
with  the  same  antenna  heights.  Also,  the  calculated  path  angle  variation  from  high  to 
low  tide  was  0. 1 1  *,  which  is  in  close  agreement  with  FAA  observations. 

The  computed  results  indicate,  however,  that  despite  these  difficulties  a  cap  Aire 
effect  system  will  perform  within  Category  I  tolerances  at  the  present  location,  with  the 
path  angle,  width,  and  symmetry  chonges  compensated  by  tightened  monitor  limits.  The 
computed  flyability  of  the  capture  effect  system  indicates  roughness  within  Category  I 
tolerances.  It  should  be  pointed  out  that  even  when  properly  phased  the  system  may  not 
be  within  the  guidelines  of  the  phase  verification  procedure.  This  will  not,  however, 
prevent  the  system  from  performing  within  CAT  I  tolerances,  as  no  airborne  tolerances 
are  imposed  by  the  phase  verification  test.  [19]  The  calculations  indicate  that  good 
clearances  will  be  maintained  under  the  dephasing  conditions  imposed  during  phase 
verification.  Computations  were  also  mode  with  the  glide-slope  antennas  moved  1 000* 
(300m)  back  from  their  present  location.  Since  no  detailed  topographic  information  was 
available,  it  was  assumed  that  the  terrain  between  this  location  ond  the  present  one  is 
flat.  The  results  indicate  performance  similar  to  that  with  the  system  at  the  present 
location. 

It  should  be  mentioned  that  preliminary  results  reoched  by  the  same  authors  in 
December  1978  showed  somewhat  different  results.  The  reason  is  that  the  accurate 
topographic  information  upon  which  this  report  is  based  was  not  yet  avoiloble,  and 
approximate  topographic  information  was  used.  The  large  differences  in  the  results 
obtained  indicate  the  importance  of  obtaining  occurate  topographic  data  upon  which 
to  apply  the  computer  model. 

2.  Introduction.  The  work  reported  here  was  prompted  by  the  anomalous 
behavior  of  the  capture  effect  glide  slope  at  Runway  221,  Boston  Logan  Airport.  This 
behavior  was  caused  in  part  by  tidal  variations  of  14  feet  in  the  reflecting  zone,  and 
in  part  by  a  steep  hill  9000*  from  the  antenna  mast. 
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Westinghouse  Electric  conducted  o  tiling  survey  in  1974.  In  their  report  they 
state  that  "It  It  recommended  that  a  null  reference  glide-slope  antenna  be  installed  to 
serve  toN Y  22 L  ot  Logan  International  Airport"  since  except  for  traffic  on  a  nearby  taxi- 
way,  "There  are  no  other  derogations  or  terroin  irregularities  which  would  prevent  o  null 
reference  glide  slope  from  attaining  Category  I  performance."  C 180 

On  November  18,  1977  a  null  reference  glide  slope  was  installed.  The  system 
did  not  pass  flight  check  due  to  severe  roughness  in  zone  2  and  very  poor  cross-over 
behavior. 

Between  April  and  August  of  1978  several  ottempts  were  mode  to  Install  and 
phase  a  capture  effect  system  so  os  to  meet  Category  I  tolerances.  Several  problems 
were  encountered,  including  difficulty  In  phasing,  difficulty  in  repeating  measurements, 
and  difficulty  in  oligning  the  middle  ontenna  null  with  the  path  angle.  It  soon  become 
evident  to  the  engineer  involved  that  the  changing  path  ongles  ond  widths  correlated  in 
time  with  tidal  changes  in  the  reflecting  zone.  This  observation,  while  providing  some 
understanding  of  the  difficulties,  indicated  that  the  siting  problem  was  unusuolly  complex 
in  that  ot  one  site  uneven  terroin  was  combined  with  tidal  effects. 

When  significant  delays  in  obtaining  the  occurate  topographic  information 
developed,  a  preliminary  report  based  upon  approximate  terrain  information  was  mpde 
ond  sent  to  the  FAA  on  December  4,  1978.  The  results  cantoined  in  this  report  showed 
the  severe  roughness  in  zone  2  for  the  null  reference  system,  but  did  not  show  the  capture 
effect  path  angle  as  being  well  below  the  ongle  of  the  RF  null  for  the  middle  ontenna. 

The  accurate  topographic  information  was  obtained  on  February  16,  1979  and 
serves  os  the  basis  for  the  computed  results  contained  herein. 

An  explanation  of  the  techniques  used  to  obtain  the  calculations  is  contained 
in  Reference  (201.  All  results  for  this  memorandum  were  calculated  using  the  Geometrical 
Theory  of  Diffraction  option. 

3.  Comparison  with  Measured  Results.  In  this  section  calculations  will  be 
presented  with  the  systems  configured  (os  closely  as  is  possible  based  on  available  in¬ 
formation)  as  they  were  during  the  flight  checks.  This  will  establish  the  accuracy  of  the 
modeling  results,  and  hopefully  provide  explanations  of  the  anomalous  behavior  observed 
during  the  flight  checks. 

The  terroin  profile  used  in  the  calculations  is  shown  In  Fi^rre  127.  It  is  o  straight 
line  approximation  of  the  data  provided  by  the  new  topographic  information.  The  signi¬ 
ficant  differences  between  this  profile  ond  the  less  occurate  one  used  in  the  preliminary 
report  are  the  downs  I  ope  just  in  front  of  the  antennas,  the  smoll  hill  ot  the  for  side  of 
the  boy,  ond  the  height  and  location  of  the  large  hill.  Also,  it  should  be  pointed  out 
that  the  two-dimensional  profile  neglects  the  terrain  which  does  not  lie  directly  in  front 
of  the  on  ten  nos  and  that  the  octual  ground  is  not  smooth  but  covered  with  Souses,  trees, 
roods,  etc.  which  tend  to  reduce  the  reflections.  Both  will  tend  to  reduce  the  oc curacy 
of  the  results. 
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Aerial  Survey  Company  of 


All  calculations  in  Figure*  128  through  143  war*  mode  for  antanna  heights  of 
14. 13*  (4.307m),  28.26*  (8.614m),  and  42.39*  (12.920m).  The  computer  model  was  used 
to  simulate  airborne  phasing  at  mean  tide  with  the  result  being  a  6.8*  phase  retard  far  the 
lower  antenna  and  a  3.0*  phase  odvonce  for  the  upper  ontenna,  both  with  respect  to  the 
currents  in  the  middle  antenna.  These  phasing  values  were  also  used  for  Figures  128 
through  143,  and  ogree  reasonably  well  with  those  reported  in  Reference  [17], 

Figures  128  through  132  are  calculated  centerline  flyobility  far  both  capture  effect 
and  null  reference  systems  for  wious  tide  levels.  In  Reference  (17)  it  was  reported  that 
when  tested  the  null  reference  system  exhibited  structure  excursions  of  over  80  micro¬ 
amperes,  and  peak -to- peak  excursions  of  over  130  microamperes.  While  the  tide  level 
for  these  measurements  was  not  specified,  examination  of  Figures  128  through  132  in¬ 
dicate  reasonable  agreement  with  the  measured  values.  The  coplure  effect  flyobility 
was  measured  to  be  within  Category  II  tolerances  (17),  ond  this  too  agrees  with  the 
calculated  copture  effect  flyobility  of  Figures  1 28  through  132,  providing  path  reference 
ongle  is  adjusted  to  the  averoge  path  angle  (i.e.,  approximately  2.85*).  Thus  the  cal¬ 
culated  flyobility  results  ogree  well  with  the  results  reported  in  (17). 

Figures  133  through  137  contain  calculated  values  of  CDI  versus  ongle  for  a 
1600*  (490m)  elevation  level  run  above  the  runway  centerline  for  both  capture  effect 
and  null  reference  systems.  The  measured  results  in  Reference  [17]  include  poor  cross¬ 
over  behavior  for  the  null  reference  system,  with  o  path  angle  of  approximately  3.16*, 
while  the  copture  effect  system  was  reported  having  a  good  crossover,  but  with  a  path 
angle  of  2.80*.  No  information  regarding  the  tide  level  was  given,  but  examining 
Figure  134  (high-mean  tide)  and  Figure  135  (mean  tide),  one  finds  olmost  precisely  the 
same  results,  with  the  exception  that  the  null  reference  path  ongle  is  calculated  slightly 
(.07*)  low.  This  difference  is,  however,  only  slightly  greater  than  the  tolerance  usually 
associated  with  airborne  measurements. 

Figures  138  through  142  contain  calculated  curves  of  relative  signal  strength  from 
each  antenna  versus  ongle  for  the  terroin  profile  of  Figure  127  with  each  antenna  fed  equal 
power.  These  calculations  would  correspond  to  the  AGC  voltage  of  an  ideal  receiver  with 
the  oircraft  flying  at  1600*  (490m)  elevation  level  run  above  the  runway  centerline.  Figure 
143  contains  similar  curves  for  an  ideally  flat  ground  site  and  ideal  ontenna  heights,  ond 
is  included  for  comparison.  It  is  evident  that  the  antenna  pattern  structure  is  very  much 
affected  by  the  uneven  terrain,  and  the  point  might  be  made  here  that  the  capture  effect 
system  does  on  amazing  job  of  producing  a  good  crossover  despite  the  roughness  of  the 
separate  astenna  patterns. 

One  of  the  most  disturbing  features  of  the  measurement  results  reported  in  Reference 
[17]  was  the  measurement  of  o  composite  RF  null  from  the  upper  and  lower  ontenna*  at  both 
2.30  ond  2.56*.  Referring  to  Figure  143,  this  should  occur  at  3.0*,  where  the  upper  and 
lower  ontenna  patterns  have  the  same  amplitude  but  opposite  phase.  For  on  explanation  of 
this  measured  result,  examine  the  patterns  of  Figures  138-142.  Note  that  in  comport  ton  with 
Figure  143,  the  relative  amplitude  of  the  upper  antenna  signal  is  increased  and  the  faeer 
ontenna  decreased  in  the  region  near  2.5*,  causing  the  relative  amplitudes  to  be  approxi¬ 
mately  equal  and  out-of-phase.  More  specifically,  referring  to  Figure  139  (high-mean  tide) 
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Figure  l28o.  Calculated  Flyobil ity  for  Null  Reference  Glide  Slope  for  die  Terrain  Profile  of 
Fig.  127  with  Antenna  Height!  of  14.13,  28.26,  and  42.39  feet  and  a  Tidal 
Distance  h  (see  Fig.  127)  of  6.24  feet  (high  tide).  The  reference  glide  ongle  is 
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Calculated  Flyability  for  Null  Reference  and  Capture  Effect  Glide  Slopes  for  the  Terrain  Profile  of 
Fig.  127  with  Antenna  Heights  of  14.13,  28.26,  and  42.39  feet  and  a  Tidal  Distonce  h  (see  Fig.  12 
of  10.0  feet  (high-mean  tide).  The  reference  glide  angle  is  3.0  degrees. 
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Center  tin*  for  the  Terrain  Profit*  of  Fig.  1 27  with  fatenna  Heights  of  14.13, 
28.26,  and  42.39  Feet  and  o  Tidal  Distance  h  (See  Fig.  127)  of  13.5  Feet 
(Mean  Tide). 
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Figure  136.  Calculated  COI  Versus  Angle  for  a  1600  Foot  High  level  Run  Above  the  fen  way 
Centerline  for  the  Terroin  Profile  of  Fig.  127  wJtf  Antenna  Heights  of  14.13, 
28.26,  and  42.39  Fact  and  a  Tidal  Oiitonce  h  (See  Fig.  127) 0f  |7.0  Feet 
(Mean- Low  Tide). 
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28.26,  and  42.39  Faat  ond  a  Tidal  Dtstonca  h  (S*«  Fig.  127)  of  20.24  Foal 
(low  Tida). 
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Elevation  Anglo  (Degree*) 

Figure  138.  Calculated  Relative  Field  Strength*  for  Antennc*  ot  Height*  of  14.13,  28.26,  ond  42 .39  Feet  Ver»u»  Angle  fo» 
a  1600  Foot  High  Level  Run  Above  the  Runway  Centerline  with  Each  Antenna  Fed  Equol  Power,  for  the  Terrain 
Profile  of  Flo*  127  with  a  Tidal  Distance  h  of  6.24  Feet  (High  Tide). 
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Figure  140.  Calculated  Relative  Field  Strength*  for  Antenna*  at  Height*  of  14.13,  28.26,  and  42.39  Feet  Ver*u*  Angle  for 
a  1600  Foot  High  Level  Run  Above  the  Runway  Centerline  with  Each  Antenna  Fed  Equal  Power ,  for  the  Terrain 
Profile  of  Fig.  127  with  o  Tidal  Distance  h  of  13.5  Feet  (Mean  Tide). 
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Diitonce  h  of  17.0  Feet  (Mean-low  Tide). 
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Figure  142.  Calculated  Relative  Field  Strength*  for  Antenna*  at  Height*  of  14.13,  28.26,  ond  42  .39  Feet  Veriu*  Angle  for 
a  1600  Foot  High  Level  Run  Above  the  Runway  Centerline  with  Each  Antenna  Fed  Equal  Power,  for  the  Terroin 
Profile  of  Fig.  127  with  a  Tidal  Dittance  h  of  20.24  Feet  (Low  Tide). 


Figure  143.  Colculated  Relative  Field  Strength*  for  Ideal  Case  for  Comparison  with  Figures  138-142. 


curves,  two  points  where  the  upper  and  lower  antenna  signals  have  the  scene  amplitude 
are  circled,  and  these  points  lie  very  near  the  measured  values  of  2.30  and  2.58*. 

These  equal  amplitude  points  will  correspond  to  RF  nulls,  with  the  null  depth  depend¬ 
ing  on  the  relative  phasing  between  the  two  signals.  (The  two  equal  amplitude  points 
in  between  may  not  have  produced  deep  nulls  due  either  to  changes  in  relative  phasing, 
or  to  errors  in  the  amplitude  calculations  which  caused  the  two  curves  to  cross  over  one 
another  when  in  actuality,  this  was  not  the  case.)  Thus  the  strange  RF  null  locations 
ore  apparently  due  to  perturbations  in  the  ontenna  patterns  coused  by  the  uneven  terrain. 

Finally,  Figure  144  contains  a  graphic  summary  of  the  calculated  data  contained 
in  Figures  128  through  142  (and  other  calculations  as  well).  Note  that  the  path  angle 
change  from  high  to  low  tide  calculated  for  the  capture  effect  system  is  .11*,  which 
corresponds  very  closely  with  the  measured  value  of  .09*.  (20] 

To  summarize,  the  calculated  results  obtained  using  the  more  occurate  terrain 
profile  agree  very  well  with  those  actually  observed  during  flight  measurements.  The 
poor  crossovers  and  flyability  roughness  for  the  null  reference  system  and  the  smoother 
fly  obi  I  i  ty  results  for  the  copture  effect  system  were  evident  in  the  calculations.  Also, 
the  measured  path  angle  change  due  to  tidal  variations  agreed  closely  with  the  cal¬ 
culations.  In  addition,  the  measured  RF  nulls  at  2.30  and  2.58°  ogree  with  the  cal¬ 
culations,  and  ore  explained  os  deformotions  in  the  vertical  antenna  patterns  caused 
by  the  uneven  terrain. 

4.  Recommendations  and  Predictions.  In  this  section  recommended  antenna 
heights  and  phasing  will  !  e  given  for  the  system  sited  both  of  the  present  location  and 
displaced  1000*  (300m)  from  the  present  locotion,  and  predictions  of  performance  for 
the  recommended  configurations  ore  mode. 

After  consideration  of  the  poor  performance  of  the  null  reference  system  as  dis¬ 
cussed  in  the  previous  section,  it  is  recommended  that  a  capture  effect  system  be  used 
at  these  sites,  and  only  this  system  will  be  discussed  in  the  following. 

Figures  145,  146,  and  147  contain  calculated  values  of  poth  ongle,  width,  and 
symmetry  as  a  function  of  tide  level  for  various  system  phasing  and  A  rotio  values.  The 
arrtenno  heights  ore  fixed  for  these  3  figures  at  values  which  give  o  3.0*  path  angle  for 
a  fide  level  near  mean  tide.  In  Figure  145  the  system  is  phased  using  simulated  airborne 
phasing,  ond  the  A  rotio  odjusted  to  yield  a  0.7*  poth  width  at  mean  tide.  This  result 
was  not  considered  satisfactory  due  to  the  poor  symmetry  and  large  path  angle  variation 
at  low  tide.  In  on  attempt  to  improve  this  perform<r»ce,  the  relative  antenna  phasing  was 
odjusted  (on  a  triol-ond-error  basis)  so  os  to  improve  the  low  tide  symmetry  ond  poth 
angle  variation.  The  results  ore  indicated  in  Figure  146.  This  result,  however,  has  a 
low  averoge  poth  width,  so  the  sideband  power  was  reduced  to  give  the  results  shown 
in  Figure  147.  These  results  predict  a  path  angle  between  2.96  and  3.04*,  path  width 
between  0.60  and  0.72,  ond  path  symmetry  between  .52  ond  .43,  as  the  tide  chonges. 

All  of  these  parameters  ore  within  Category  I  tolerances,  ond  the  system  should  be  copoble 
of  assured  Category  I  performance  with  appropriate  tightening  of  monitor  olarm  limits. 

The  system  parameters  given  in  Figure  147  are  those  recommended  if  the  system  is  to  be 
installed  at  the  present  location. 
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Calculated  Values  of  Path  Angle,  Path  Width,  and  Symmetry  for 
Capture  Effect  and  Null  Reference  Systems  for  Various  Tidal  Distances 
h  for  the  Teiroin  Profile  of  Fig.  127,  The  antenna  heights  ore  14.13 
28  .26,  and  42  .39  feet ,  and  the  A  ratio  is  .300. 


Figure  1  44 


Symmetry  (Degree*)  Path  Width  (Degree*) 


Figure  145.  Calculated  Value*  of  Path  Angle,  Path  Width,  and  Symmetry  for  o  Copture 
Effect  Sy*tem  for  Variou*  Tidal  Diitoncet  h  for  the  Terroin  Profile  of  Fig. 
127.  The  antenna  height*  ore  13.45,  26.9,  and  40.35  feet.  The  lower 
ontenna  i*  phate  retorded  6.8  degree*  with  reipect  to  the  middlo,  the  upper 
antenna  odvonced  3.1,  and  the  A  ratio  i*  .39?. 
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F'^r*  146.  Coiculoted  Values  of  Path  Anjlt,  Path  Width,  and  Symmetry  for  a  Capture  Effect 

System  for  Variota  Tidal  Distances  h  for  the  Terrain  Profile  of  Fig.  127.  The  ontenno 
heights  are  13.45,  26.9,  and  40.35  feet.  The  lower  antenna  is  phase  retorded 
6.8  degrees  with  respect  to  the  middle,  the  upper  antenna  odvanced  20.0,  and  the 
A  ratio  is  .392. 
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Symmetry  'Degree*)  Poth  W1 


Figure  147.  Calculated  Voluet  of  Path  Angle,  Path  \Aidth,  ond  Symmetry  for  a  Capture 

Effect  Syitem  for  Variou*  Tidol  Dittonce  h  for  the  Terrain  Profile  of  Fig.  127. 
The  ontenna  height*  ore  13.45,  26.9,  ond  40.35  feet.  The  lower  antenna 
it  pho*e  retarded  6.8  degree*  with  reipect  to  the  middle,  the  upper  ontenna 
odvonced  20.0,  ond  the  A  ratio  it  .360. 


Figures  148  through  150  contain  calculated  flyobility  results  for  the  capture  effect 
glide  slope  located  at  the  present  site  and  configured  as  recommended  for  high,  mean, 
and  low  tides.  The  results  predict  flyobility  within  Category  I  tolerances  for  all  three 
tide  levels.  Figures  151,  152,  and  153  are  predicted  values  of  CDI  versus  devotion 
angle  for  a  1600*  (490m)  level  run  for  high,  mean,  and  low  tides.  While  same  non¬ 
linearity  is  predicted,  most  notably  for  the  high  tide  case,  the  path  angle  is  well 
defined  in  oil  cases,  ond  good  clearance  is  obtained  (the  clearance  signal  is  included 
in  all  capture  effect  calculations). 

Table  33  contains  tabulated  results  of  a  simulated  phasing  verification  exercise 
for  4  tide  levels.  The  entries  marked  with  on  asterisk  (*)  would  be  outside  the  recommended 
limits  for  a  nominal  path  width  ond  symmetry  of  3.00  and  0.70*,  respectively.  Note  that 
this  is  a  very  severe  criterion  in  that  the  tidal  effects  on  the  path  angle  ond  width  for 
nominal  phasing  ore  not  compensated  for.  In  other  words,  if,  for  example,  the  phasing 
verification  nominal  path  ongle  for  the  10*  (3.  Im)  tide  case  were  taken  to  be  2.959# 
rather  thon  3.00°,  the  *  entries  2.924  and  2.866  would  be  within  the  guidelines.  The 
foct  that  the  phase  verification  procedure  would  indicate  a  misphased  system  when  in 
foct  the  system  is  properly  phased  does  not  prevent  the  system  from  meeting  Category  I 
tolerances,  since  phasing  verification  is  on  engineering  ond  support  test  and  no  tolerances 
are  imposed  by  these  tests.  (19J 

At  the  present  time  a  displacement  of  the  Runway  22 L  glide-slope  facility  1000' 
(30Qm)  bock  from  the  current  location  is  be  ng  considered.  In  the  event  that  this  move 
is  mode,  the  following  predictions  of  performance  ore  included.  These  predictions  cannot 
be  mode  with  complete  confidence,  however,  since  the  additional  1000'  (300m)  of  terrain 
included  in  the  reflecting  zone  was  not  included  in  the  terrain  mapped.  For  the  purpose 
of  these  predictions,  this  terrain  was  assumed  to  be  flat  and  horizontal.  The  resulting 
terrain  profile  is  shown  in  Figure  154.  Predicted  flyobility  and  level  run  crossovers  for 
three  tide  heights  are  given  in  Figures  155  to  160.  The  results  ore  very  similar  to  those 
given  previously  with  the  ontenna  mast  at  the  present  location,  with  only  slight  improve¬ 
ments  in  path  structure  ond  crossover  behavior.  The  predictions  do  indicate  performance 
well  within  Category  I  tolerances. 

C.  Maximum  Allowable  V9WR  for  the  I  5-Element  V-Ring  Localizer  Array, 

1.  Summary  and  Conclusions.  An  investigation  hos  been  performed  that  has 
resulted  in  the  determination  of  the  maximum  allowable  VSVR  for  the  V-Ring  localizer 
array.  This  maximum  VSWR  is  defined  os  that  V$VR  which  con  exist  at  any  antenna  in 
the  arroy  and  produce  effects  on  the  for-field  that  result  in  no  more  thon  25%  of  the 
theoretically  allowable  for-field  tolerances  being  consumed. 

To  begin,  the  assumption  Is  mode  that  the  entire  array  hos  some  average  VSWR 
across  it  and  that  a  single  antenna  is  deteriorating.  Since,  in  general,  nothing  is  known 
about  the  angle  of  the  reflection  coefficient  that  results  in  a  given  VSWR  (as  might  be 
measured  with  a  thru-line  wattmeter),  the  model  was  manipulated  to  determine  the  wont 
case  for  this  reflection  angle.  This  worst  case  is  the  most  damaging  to  the  far  field  and 
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Distance  from  Antenna  Most  (Feet) 

Calculated  Flyobility  for  the  Capture  Effect  Glide  Slope  for  the  Terrain  Profile  of  Fig.  127for  Antenna  Heigl 
and  Phasing  of  Fig.  147  and  a  Tidal  Distoncd  h  of  13.5  Feet  (Mean  Tide).  The  reference  glide  ongle  is  3.0 
degrees,  and  the  system  conditions  ore  those  suggested  for  optimum  performance. 


Elevation  Anglo  (Degrees) 

Calculated  CDI  Venus  Angle  for  a  1600  Foot  High  Level  Run  Above  Runway 
Centerline  for  the  Terrain  Profile  of  Fig.  127 for  Antenno  Heights  and  Phasing 
of  Fig.  147  and  Tidol  Distance  h  of  6.24  Feet  (High  Tide).  The  system 
conditions  are  those  suggested  for  optimum  performance. 


Elevation  Angle  (Degree*) 

Figure  1 52.  Calculated  CDI  Versus  Angle  for  a  1600  Foot  High  Level  Run  Above  Am  way 
Centerline  for  the  Terrain  Profile  of  Fig.  1t7 far  Antenna  Heights  and  Phasing 
of  Fig.  147  and  Tidal  Distance  h  of  13.5  Feet  (Mean  Tide).  The  system 
conditions  ore  those  suggested  for  optimum  performance. 


Elevation  Angle  (Degree*) 

Figure  153.  Calculated  CDI  Ver*u*  Angle  for  a  1600  Foot  High  level  Run  Above  Runway 
Centerline  for  the  Terroin  Profile  of  Fig.  127  for  Antenna  Height*  and  Pha*ing 
of  Fig.  147  and  Tidal  Diitance  h  of  20.24  Feet.  The  *y*fem  condition*  ore 
tho*e  tuggeited  for  op ti muni  performance. 


lower  Antenna  13.45  Feet,  Phaie  Retarded  6.8 

Middle  Antenna  26.90  Feet,  Pha*e  Reference 
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CDI  (uA)  150  Hz 


370  476 

£ levaf  i or  Angle  (Degree*) 

Figure  150.  Calculated  CDI  Ver*u*  Angle  for  a  1600  Foot  High  Level  Run  Above  Runway 

Centerline  for  the  Terrain  Profile  of  Fig.  154  for  Antenna  Height*  of  14.13,  28.26, 
and  42.39  Feet,  with  the  Lower  Antenna  Phate  Retarded  4.1  Degree*  with  Respect 
to  the  middle,  and  Upper  Advanced  2.0  Degree*,  and  the  A  Ratio  .295.  The 
tidal  distance  h  i*  6.24  feet  (high  tide). 


90  Hz  CDI  (pA)  150  Hz 

-200  -100  0  *100  *200  *300 


2.65  3.35 


Elevation  Angle  (Degree*) 

Figure  159.  Calculated  CDI  Versus  Angle  for  a  1600  Foot  High  Level  Run  Above  Runway 
Centerline  for  the  Terrain  Profile  of  Fig.  154  for  Antenna  Height*  of  14.13, 
28  .26,  ond  42 .39  Feet,  with  the  Lower  Antenna  Phase  Retarded  4.1  Degree* 
with  Respect  to  the  Middle,  and  Upper  Advanced  2.0  Degree*,  ond  the  A 
Ratio  .295.  The  tidal  distance  he  is  13.5  feet  (mean  tide). 


CDI  (uA)  150  Hz 


2.8  3.2 


Elevation  Angle  (Degree*) 

Figure  160.  Calculated  CDI  Veriu*  Angle  (or  a  1600  Foot  High  Level  Run  Above  Runway 
Centerline  for  the  Terrain  Profile  of  Fig.  154  fof  Antenna  Height*  of  14.13, 
28.26,  and  42.39  Feet,  with  the  Lower  Antenno  Pho*e  Retarded  4.1  Degrees 
with  Respect  to  the  Middle,  and  Upper  Advanced  2.0  Degrees,  and  the  A 
Ratio  .295.  The  tidal  distonce  h  is  20.24  feet  (low  fide). 


ii  where  tfi«  reflection!  are  at  on  angle  of  0°  on  both  sides  of  the  array.  A  best,  or  least 
damaging  case  is  where  reflections  on  both  sides  are  at  an  angle  of  90#. 

The  conclusions  reached  as  a  result  of  this  investigation  ore: 

(1)  For  the  identified  worst  case,  i.e.,  where  the  reflection  coefficients  on 
both  sides  of  the  V-Ring  array  are  at  on  angle  of  0°,  the  entire  array  can 
deteriorate  to  o  VSWR  of  1 . 175:1 .  Given  on  averoge  condition  (VSWR) 
of  the  entire  array  better  than  this  value,  the  maximum  tolerable  V$A/R 
for  any  single  element  is  greater  than  1.175:1  and  is  given  in  Figure  165. 

This  is  absolute  worst  case  and  means  that  every  antenno  has  a  reflection 
coefficient  angle  that  is  more  damaging  to  the  far  field  than  any  other 
angle. 

(2)  For  the  identified  best  case  the  entire  array  con  deteriorate  *o  a  VSA/R  of 
1.43:1. 

(3)  The  operating  tolerance  for  the  V-Ring  aroy  os  given  in  6750. 15A  is 
1.25:1  ond  this  provides  odequate  protection  for  all  coses  of  complex 
reflections  from  the  antennas,  given  that  no  more  than  25\>  of  far-field 
tolerances  should  be  consumed  by  the  existing  V9A/R.  The  identified 
maximum  allowable  V  SM  R  is  for  that  absolute  worse  case  ond  is  not 
representative  of  conditions  which  con  be  expected  to  exist  on  any  given 
array. 

2.  Introduction  and  Purpose.  The  purpose  of  the  work  documented  herein  is 
to  determine  ond  document  the  maximum  allowable  VSA/R  that  con  be  present  in  the  15- 
e lement  V-Ring  localizer  array.  The  V96/R  existing  on  the  array  ond  with  any  particular 
element  of  the  array  is  considered  to  be  tolerable  if  the  effect  on  the  for  field  is  such 
that  no  more  thon  2?\>  of  the  theoretically  allowable  tolerance  is  consumed. 

A  15-element  V-Ring  array  was  set  up  at  Ohio  University's  Tomiomi  test  site  for 
the  purpose  of  validating  the  operation  of  computer  model  OUlOC,  a  Fortran  program  to 
predict  the  response  of  the  V-Ring  array  to  various  system  faults.  Far-field  course,  width 
and  clearance  were  calculated  based  on  currents  derived  from  jig-held  antenna  probe 
measurements.  For  purposes  of  this  work  OULOC  is  modified  to  model  also  the  Rf  dis¬ 
tribution  network,  the  characteristics  of  which  determine  the  redisfrikxrtion  of  reflected 
powers  in  the  array.  A  series  of  complex  faults  was  introduced  into  the  ontenna  array 
and  the  effects  on  the  far-field  radiation  pattern  measured  with  Ohio  University's  Mini¬ 
lob  instrumentation  in  a  Beechcroft  Model  A36.  These  meosured  effects  were  then  com¬ 
pared  to  the  effects  predicted  by  OULOC.  Correlation  was  within  experimental  error. 

Accordingly,  a  series  of  parametric  runs  with  the  model  yields  the  maximum  V$A/R 
that  con  be  tolerated  in  that  element.  This  maximum  VSA/R  is  a  function  not  only  of  the 
position  of  the  ontenna  in  the  array  but  also  of  the  condition  of  the  rest  of  the  array. 

For  this  reason  the  results  of  this  work  show  that  one  must  know  the  general  condition 
(V9//R)of  the  entire  array  ond  the  position  of  the  ontenna  in  question. 
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3.  Discussion  of  Experimentgl  Doto.  A  1 5-element  V- Ring  localizer  array 
has  been  set  up  and  operated  at  Ohio  University's  Tomiami  test  site.  Proper  operation 
of  the  array  was  established  by  airborne  check  using  Ohio  University's  Minilab  instrumenta¬ 
tion.  Figure  161  is  a  view  of  the  V-Ring  array  at  the  test  site. 

A  schematic  diogram  for  the  Type  FA-8040  distribution  unit  used  with  the  array 
is  shown  in  Figure  162.  The  complete  distribution  unit  also  has  a  monitoring  section  but 
this  was  not  used  with  the  array  setup  at  the  Tamiami  site. 

The  array  elements  were  set  up  with  the  proper  spacing  an  the  pod  and  the 
antenna  feedline  lengths  trimmed  for  maximum  suppression  of  porosities.  With  antenna 
feedline  lengths  optimized,  the  following  probe  measurements  ocross  the  array  were  token; 


Table  34.  Phase  Measurements  Taken  with  a  Jig-Held  Antenna  Probe 
on  the  15-Element  V-Ring  Localizer  Array  ot  the  Tomiami 
Test  Site. 


With  the  array  operating  normally,  the  corrier-plus-sidebonds  and  the  sidebonds- 
only  powers  were  9.6W  and  265mV,  respectively.  An  airborne  check  of  the  normal  system 
showed  the  course  to  be  on  centerline  and  the  width  to  be  4.0®.  A  series  of  complex  faulti 
was  introduced  into  the  feedlines  of  antennas  E7,  E9,  E10,  ond  Ell  and  the  for  field 
checked.  The  foults  were  inserted  at  the  bulkhead  N-Type  connector  at  the  feed  of  the 
V-Ring  antenna  element.  A  phase  delay  of  17®  was  added  to  the  antenna  being  faulted 
because  of  the  hardware  necessary  for  the  fault  insertion.  Physically,  the  faulti  were 
shorted  and  open  stubs  ottoched  to  a  "tee"  in  the  line.  The  results  of  this  series  of  faulti 
ore  given  in  Table  35.  The  faults  listed  in  Table  35  ore  identified  os  on  electrical  length, 
as  a  short  or  on  open,  ond  as  the  antenna  faulted.  Fic^jre  163  shows  the  electrical  equi¬ 
valent  of  the  faulted  case. 
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FA-8040  KF  Distribution  Unit  Utod 
ami  Tost  Sit*  in  Docombor  1978. 


Foolt 

Ant.  No. 

Measured 

Cocirve 

Deviation 

(TMB)  (*) 

Measured 

PafK 

WidtbO 

Normal 

0.05N 

4.0 

?9°S/  No.  9 

0.2S 

4.06 

29*0/  No.  9 

0.5N 

4.86 

56°S  No.  9 

0.1  5N 

4.25 

56*0  No.  9 

1  .ON 

— 

I0?*S  No.  9 

0.5N 

4.37 

102*0  No.  9 

0.4S 

4.2 

Sh/  No.  10 

0.0 

4.3 

29*5/  No.  10 

0.2S 

4.25 

29*0  No.  10 

0.35N 

4.26 

56*0,  No.  10 

0.6N 

4.64 

Sh/No.  11 

0.06N 

4.2 

SK  No.  7 

0.5N 

4.26 

Sh/  No.  9 

0.43S 

4.16 

Toble  35.  Experimental  Rewlti  of  Faulting  tbe  I  S-E  lemenf  V-Ring 
Localizer  Array. 


The  impedance  Zf  at  the  fault  is  equal  to  the  characteristic  impedance  of  the 
transmission  line,  ZQ  (or  in  this  case  500),  in  parallel  with  the  impedance  of  the  shorted 
or  open  stub  some  electrical  distance  L  from  the  junction  point.  The  impedance  of  the 
stub  transformed  bock  to  the  junction  point  is: 

Z  3  -jZ  cot  L  for  the  open  and 

open  o 

Z  .  ■  jZ  ton  L  for  the  shorted  stub, 

short  o 

The  impedance  Zf  is,  in  general ,  complex  and  associated  with  this  complex  impedance  is 
a  complex  reflection  coefficient  at  the  junction  point.  It  is  this  complex  reflection  co¬ 
efficient  that  is  used  in  the  model.  Similarly,  it  is  this  sane  complex  reflection  co¬ 
efficient  that  determines  the  VSrVR  on  the  line.  VSrVR,  however,  is  a  scalor  quantity 
and  the  unique  identity  of  the  complex  reflection  that  results  in  any  given  V^/R  is  lost. 
This  is  because: 


and 


P  3 


V7 

V7 


o 


o 


VSWR '  rnf! 


We  see  that  the  same  V9WR  on  a  transmission  line  con  be  ochieved  with  an  infinite 
number  of  complex  reflection  coefficients. 

4.  Discussion  of  Mathematical  Model  OULOC.  OUlOC  is  a  Fortran  program 
which  computes  the  far  field  (or  near  field  fa  that  matter)  rodiation  pattern  from  a  defined 
set  of  antenna  Currents  given  in  amplitude  and  phase.  The  problem  of  determining  the 
maximum  V9<VR  for  an  array  of  antennas  must  also  include  a  preamble  program  that  can 
accept  CSB  and  SBO  currents,  for  example,  distribute  these  powers,  calculate  reflected 
powers  and  redistribute  them  to  the  array,  and  compute  a  final  set  of  antenna  currents 
in  the  presence  of  the  VS*VR  or  VSA/R's  that  have  been  defined  on  the  lines.  The  pre¬ 
amble  program  to  accomplish  this  is  called  ANTENNA2.  Both  OULOC  and  ANTENNA2 
appear  in  Appendix  C  . 

The  redistribution  of  reflected  power  bock  through  the  7-woy  power  dividers  of 
the  V-Ring  array  is  the  most  significant  aspect  of  having  a  nan-trivial  V  5W  R  on  any  of 
the  antenna  feed  lines.  Referring  to  Figure  162,  antenna  bridge  Z3  blocks  ony  significant 
transfer  of  reflected  power  from  one  side  of  the  array  to  the  other.  Additionally,  re¬ 
distribution  of  power  back  through  the  pre-power  divider  to  or  from  the  OC  antenna  E8 
was  measured  at  the  Tamiami  site  and  found  to  be  at  leost  28  dB  down  from  initial  re¬ 
flected  power  levels.  Accordingly,  the  effects  of  reflected  power  on  any  antenna 
feedline  are  seen  only  on  that  some  side  of  the  array. 

The  scattering  of  reflected  power  entering  the  7-way  power  dividers  is  defined  by 
a  data  file  available  to  the  program  ANTENNA2.  These  scattering  parameters  were 
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obtained  from  measured  data  taken  on  the  Type  FA-8040  distribution  unit  (S.  N.  015)  ot 
the  Tamiami  site.  Table  36  is  a  summary  of  these  parameters  in  matrix  form.  Figure  164 
is  a  diagram  of  the  test  setup  used  to  obtain  these  data.  This  should  be  a  symmetric  matrix 
(i.e.,  FEED  X,  READ  Y,  should  be  the  some  as  FEED  Y,  READ  X).  A  spot  check  of  a  few 
of  the  values  in  the  lower  left  half  is  mode. 

With  other  data  files  available  to  both  OULOC  ond  ANTENMA2,  the  model  can 
be  manipulated.  This  manipulation  includes  establishing  the  overall  V^fR  for  the  orray 
as  well  os  the  increasing  V$WR  for  each  array  element.  In  all  cases  it  has  been  assumed 
that  the  overall  average  VSWR  ond  one  particular  cntenno  is  deteriorating  (increasing 
V$WR).  The  results  of  o  series  of  runs  of  the  model  ore  presented  in  the  results  section. 

5.  Results.  As  a  matter  of  definition  in  the  determination  of  the  maximum 
allowable  V5W  R  for  the  V-Ring  array,  "allowable"  means  that  maximum  value  of  VW  R 
existing  at  any  antenna  in  the  array  which  results  in  no  more  than  25%  of  the  theoretically 
allowable  tolerance  being  consumed.  These  identified  for-field  tolerances  are  three  in 
number  and  ore:  (1)15  pA  CDI  deflection  on  runway  centerline,  (2)  17%  change  in  course 
width,  and  (3)  o  loss  of  clearance  in  localizer  zones  I  and  2.  Clearance  required  in  zones 
I  and  2  is  175  pA  ond  150  pA,  respectively . 

Ideally  one  would  like  to  have  a  computer  model  such  as  OULOC  ANTE  NNA2 
in  every  cose  where  the  operation  of  on  array  was  in  question  due  to  a  deteriorating 
VSWR  on  one  element.  Since  this  is  not  possible,  the  results  of  this  study  ore  given  so 
that  the  technician  or  engineer  concerned  about  such  an  occurrence  con  get  some  idea 
of  the  mognifude  of  his  problem.  This  is  done  by  presenting  the  results  in  Figure  165 
os  a  graph.  The  single  most  important  fact  determining  the  maximum  allowable  V  9W  R 
that  can  be  present  on  any  ontenno  in  the  array  is  the  condition  of  the  remainder  of  the 
orray.  In  the  absence  of  detailed  information  about  the  complex  impedance  of  all 
ontennas  in  the  array,  the  worst  cose  is  assumed  in  generating  the  data  for  Figure  165. 

This  means  that  the  entire  array,  except  for  the  ontenno  in  question,  was  given  a  V SW R 
that  is  a  result  of  the  worst  possible  complex  reflection  coefficient  for  that  antenna. 

As  ccxjld  be  expected,  this  results  in  what  cou Id  be  termed  on  ordered  set  of  coefficients. 
The  worst  case  for  the  V-Ring  array  is  where  the  existing  VSWR's  on  both  sides  of  the  onay 
result  from  complex  reflection  coefficients  at  an  angle  of  0°.  The  best  case  is  that  re¬ 
sulting  from  reflection  coefficient  angle  of  90°  on  both  sides  of  the  array.  This  information 
is  not  generally  available  to  the  field  engineer.  In  most  cases  V SW R  indications  ore  ob¬ 
tained  with  a  Bird  wattmeter  or  equivalent. 

In  any  cose.  Figure  165  is  a  result  of  this  worst  case  situation.  Given  the  overage 
VSWR  across  the  array,  one  can  find  the  maximum  value  thot  can  be  tolerated  on  any 
element  of  the  orray.  The  horizontal  sections  of  the  plotted  curves  ore  a  result  of  the 
requirement  to  maintain  clearance  in  sectors  I  and  2.  One  interesting  point  on  the  graph 
of  Figure  165  is  that  regardless  of  the  angle  on  the  complex  reflections,  all  antennas  in 
the  array  con  deteriorate  to  at  least  1.175:1  ond  no  more  than  25%  of  the  theoretically 
allowable  for-field  tolerances  will  be  consumed.  The  V-Ring  orray  is  quite  tolerable 
of  the  best  case  reflections  where  this  some  point  has  a  value  of  1 .43:1 .  This  is  on  en- 
couroging  result  which  supports  the  operating  standards  and  tolerances  for  the  ontenno 
feed  line  V  R  of  1 . 25: 1  given  in  6750.  1  5A . 
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D.  Maximum  V  SW  R  Colcu  lotions  for  the  14-Element,  Q-Ring  Loco II zer  Array. 


1.  Summory  ond  Conclusions.  This  report  describes  work  performed  to  determine 
the  maximum  aTTowobTe  V  R  on  on  0-Ring  localizer  array  which  will  not  decode  the  per¬ 
formance  of  the  localizer  tignol  by  more  fhon  2?\>  of  the  for-field  toleroncss.  To  accomplish 
this  folk  the  localizer  wot  modeled  with  a  computer  program  (OULOC)  which  calculates  the 
redistribution  of  antenna  currents  from  the  foulted  ontennoi  ond  determine*  the  course  structure 
from  the  final  antenna  currents.  Both  the  Wilcox  self-cleoring  distribution  box  ond  the  Texas 
Instruments  Model  No.  923801-1  course  distribution  box  were  modeled  ond  the  results  ore 
graphically  presented.  Validation  of  the  computer  model  was  carried  out  in  conjunction  with 
installation  and  flight  testing  of  on  C-Ring  array  ot  the  TomiomI,  Florida  test  site.  After  the 
validation  process,  the  model  was  used  to  predict  the  maximum  allowable  VSWR's  ond  the 
conclusions  which  follow  ore  a  result  of  the  model's  predictions. 

2.  Introduction.  This  section  provides  information  for  determining  how  much  the 
VSWR  on  a  locoTT/er  antenna  array  con  degrade  while  still  maintaining  acceptable  performance. 
This  section  contains  information  necessary  to  determine  when  the  V^VR  for  ony  localizer 
antenna  element  has  changed  sufficiently  to  justify  corrective  oction. 

The  worst-case,  maximum  V5WR  results  from  a  phose  distribution  of  the  antenna  re¬ 
flection  coefficients  which  couses  the  largest  allowable  deviations  in  the  localizer  course, 
width  and  clearance  with  the  smallest  average  VSWR.  This  is  the  most  damoging  of  all 
possible  reflection  coefficient  phase  distributions.  For  both  distribution  units,  the  worst 
case  represented  rejections  with  a  phase  ongle  of  zero  degree  on  one  side  of  the  orray  ond 
90°  on  the  other  side  of  the  array.  This  phase  distribution  is  unlikely  to  occur  on  on  operat¬ 
ing  localizer,  and  was  found  by  varying  the  angle  of  the  anfenno  reflection  coefficients  in 
the  model.  In  general,  the  worst  cose  cannot  be  used  to  determine  practically  the  maximum 
allowable  V9WR  on  a  localizer  antenna. 

The  best-case,  maximum  VWR  results  from  o  phase  distribution  of  the  anfenno  re¬ 
flection  coefficients  which  causes  the  lorgetf  allowable  deviations  in  the  localizer  course, 
width  and  clearance  with  the  lorgest  average  V^VR.  This  is  the  least  damaging  of  all 
possible  reflection  coefficient  phase  distributions.  This  phase  distribution  is  also  unlikely 
to  occur  on  an  operating  localizer  array.  The  best-case  maximum  allowable  VSAI  R  could 
not  be  used  in  general  because  if  would  leod  to  an  overly  optimistic  maximum  allowable 
VSWR. 


The  VSiVR  measurement  does  not  take  the  phase  angle  of  the  antenna  reflection  co¬ 
efficient  into  account.  This  study  indicates  that  the  phase  ongle  hos  significant  effect  on  the 
localizer  path.  Both  the  magnitude  ond  the  phase  of  the  antenna  reflection  coefficient  should 
be  used  to  esfimote  the  degradation  of  on  antenna. 

For  both  distribution  units  measured,  the  best-case  ond  worst-case  phase  distributions 
brocket  the  current  FAA  VSWR  tolerance  of  1.25:1.  This  toleronce  is  probobly  o  reosonobly 
conservative  yet  attainable  value  and  should  be  retained. 
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3.  Significance  of  Maximum  VSWR.  The  maximum  VSWR  calculations  were  based 
on  the  VSWR  whicK  would  consume  25%  of  the  far-field  tolerance.  The  tolerances  used  were 
those  for  course,  width,  and  cleoronce.  The  clearcnce  parameter  was  not  applied  to  the  Texas 
Instruments  distribution  unit  since  it  is  normally  used  with  a  clearance  array. 

The  worst-case  maximum  VSWR  graphs  (Figures  166  and  168)  represent  the  phase 
distribution  of  the  ontenna  reflection  coefficients  which  consumed  25%  of  the  far-field 
tolerance  with  the  smallest  value  of  VSWR.  The  phase  distribution  which  produced  this 
worst-case  condition  was  a  phase  angle  of  zero  degrees  on  one  side  of  the  array  ond  90° 
an  the  other  side.  This  particular  phase  distribuf ion  caused  for  more  disruption  of  the  far- 
field  path  than  any  other  phase  distribution  found.  To  use  the  worst-case  maximum  V  SW  R 
values  would  result  in  on  overly  pessimistic  estimate  of  the  maximum  allowable  VSWR  and 
would  not  represent  the  effects  which  would  be  found  on  on  array  with  the  maximum  value 
of  VSWR  and  a  more  reasonable  antenna  reflection  coefficient  phase  distribution. 

The  best-case,  maximum  VSWR  graphs  (Figures  167  and  169)  represent  the  antenna 
reflection  coefficient  phase  distribution  which  consumed  25%  of  the  far-field  tolerance  with 
the  largest  value  of  VSWR.  The  best-case,  maximum  VSWR  value  could  not  be  used  as  the 
maximum  allowable  VSWR  because  if  would  result  in  <n  overly  optimistic  value  of  VSWR. 

An  operating  localizer  array  would  fall  between  the  values  of  the  worst  case  and 
the  best  case.  Thus  for  the  Wilcox  self-clearing  distribution  unit,  the  maximum  allowable 
overage  VSWR  would  be  between  1.037:1  (the  worst-case  value)  and  1.5:1  (the  best  case 
value).  Because  of  the  wide  variation  between  the  best-case  and  worst-case  VSWR  values, 
the  VSWR  clearly  is  not  the  best  parameter  with  which  to  measure  ontenna  degradation. 

The  following  items  of  information  must  be  obtained  before  precise  determination 
of  the  maximum  allowable  VSWR  for  a  given  antenna  element  can  be  made. 

(a)  The  complex  impedances  of  the  13  undisturbed  antennas. 

(b)  Location  of  the  element  in  question. 

(c)  Line  lengths  to  distribution  box  from  each  ontenna. 

(d)  A  14  by  14  matrix  of  redistribution  parameters  which  ore  output  voltages 
from  each  of  thirteen  ports  when  the  remaining  port  is  driven  with  a  known 
voltage. 

(e)  Margin  above  tolerance  existing  in  clearance  in  localizer  sectors  one  ond  two. 

(f)  Certainty  that  course  and  course  width  ore  at  nominal  values. 

4.  Localizer  Computer  Model . 

a.  Development  of  the  Mathematical  Model'  The  basic  modeling  program, 
OULOC,  which  was  deveToped  of  C>Mo  University  in  W75-76,  has  been  modified  to  improve 
the  operation  of  the  model  in  calculating  the  maximum  allowable  VSWR's  of  ontenna  arrays. 

The  program  it  written  in  Fortron  and  calculates  the  theoretical  values  for  DDM  and  CDI 
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Figure  170b.  Computer  Model  Calculation  for  o  Normal  Pattern 
Iking  the  Wilcox  Self-Clearing  Array. 
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Figure  171b.  Computer  Model  Calculotiom  with  o  29°  Open  Stub 
in  Antenna  1  Left. 
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Figure  173b.  Computer  Model  Calculations  with  a  29°  Shorted  Stub 
In  Antenna  1  Left. 


current  along  an  orbit  defined  by  the  operator.  The  method  used  to  calculate  the  DDM  values 
is  to  sum  the  electrical  field  contribution  from  eoch  ontenna  at  discrete  points  along  the  orbit. 
The  principal  inputs  to  this  part  of  the  model  are  the  sidebonds-on ly  ond  corner  plus  sidebands 
currents  delivered  to  the  ontennos.  From  the  ontenna  Currents  the  progrem  calculates  the 
fields  from  each  ontenno  and  the  DDM  at  the  sample  points.  Additions  mode  to  this  progrom 
include  calculation  of  centerline  DDM,  course  width  ond  points  which  fall  outside  the  ICAO 
clearance  standards. 

Another  progrom  was  written  under  this  task  which  calculates  the  ontenna  currents 
taking  into  account  the  ontenna  reflections.  This  program,  called  ANTENNA3,  is  also 
written  in  Fortron  and  calculates  the  resultont  antenna  currents  by  repeatedly  calculating 
the  incident  ontenna  volfoge,  the  reflected  antenna  voltoge  ond  the  redistribution  of  the 
reflected  voltoges  through  the  distribution  unit.  The  resultont  ontenna  current  is  calculated 
from  the  final  voltage  at  the  antenna.  The  ontenna  Currents  ond  other  required  poromefers 
ore  maintained  in  a  data  file.  Dota  for  this  file  was  obtoined  through  measurements  made 
at  the  Tomiami  test  site.  Listings  for  both  programs  are  included  in  Appendix  C. 

The  calculated  results  were  within  experimental  error  of  meosured  values. 

5.  Colculot  ion  of  the  Maximum  Allowable  VSWR's.  Calculation  of  the  worst- 
case  V^VR’s  involves  running  the  model~w7th  different  antenna  reflections  until  worst-case 
reflections  are  fcxjnd  for  a  given  V9A/R.  The  ontenna  reflection  which  caused  the  lorgest 
displacement  of  the  course  ond  greatest  change  in  the  course  width  was  a  90°  shift  in  the 
antenna  reflection  from  one  side  of  the  array  to  the  other.  This  is  the  case  where  all  the 
antennas  have  the  same  V  R  ond  thus  the  some  magnitude  of  ontenno  reflection,  but  the 
phase  of  the  antenna  reflection  is  90°  different  on  one  side  of  the  orrery.  This  case  proved 
to  be  for  worse  than  any  other  case,  sometimes  by  as  much  as  a  factor  of  10.  The  worst  case 
had  to  be  used,  however,  because  it  is  possible,  though  unlikely,  that  it  could  occur  on 
an  array.  The  axis  of  Figure  166  represents  changes  in  the  VSsVR  on  the  ontenno  array. 

Thus,  if  the  array  were  calibrated  with  oil  the  antennas  at  a  VSWR  of  1 . 0: 1  ond  the  entire 
array  drifted  to  a  V  $>V  R  of  1 . 03  7;  1 ,  the  course  width  O'  course  angle  cou  Id  have  chonged 
by  on  amount  equal  to  25%  of  allowable  tolerance.  The  specification  of  of  the  course 
width  change  or  course  displacement  was  specified  in  the  task  definition  and  corresponds  to 
a  centerline  change  of  3.75  pA  or  o  width  change  of  4.25%. 

Figures  170  thrcxjgh  173  ore  plots  of  the  localizer's  clearance  both  measured  ond 
calculated.  The  fibres  show  good  correlation  between  the  modeled  end  the  measured  data. 

E.  Maximum  V SvV R  Calculations  for  the  Alford  8- Loop  localizer  Array.  Initial 
plans  and  actions  were  directed  towards  moling  a  maximum  oliowo&Te  V§^R  determination 
for  the  classic  A  ford  8-loop  localizer  array.  A  subsequent  review  of  the  resources  ovoil- 
oble  for  execution  of  the  V-Ring  and  O-Ring  type  array  studies  indicated  that  the  8- loop 
array  should  be  disregarded,  principally  because  the  number  of  installations  is  steodily 
decreasing  and  application  of  the  results  would  be  very  limited. 


-432- 


IV.  EDUCATION  —  SEMINARS  AND  SHORT  COURSES 


A  total  of  three  IlS-reloted  seminars  and  short  courses  have  been  conducted  by 
Ohio  University  under  Contract  DOT-FA78W A-4062.  The  following  is  o  summary  of 
these  educational  support  functions. 

A.  Capture  Effect  Glide  Slope  Seminar.  A  four  day  seminar  on  "The  ILS  Capture 
Effect  Glide  Slope"  was  presented  at  the  FaA  Acodemy  in  Oklahoma  City  from  April  10 
to  April  14,  1978.  Approximately  40  attendees  took  port  in  all  or  port  of  the  seminor. 
Lecturers  were  Drs.  Richard  H.  McFarland  and  Raymond  Luebbers  and  Messrs.  Raymond 
Croxford  and  Kent  Chamberlin.  The  following  is  an  outline  for  the  material  that  was 
presented: 

Antenna  Fundamentals  Review  (1  2  Day) 

Maxwell  s  Equa ti on s 
Radiation  Integral 
Dipole  Antenna 
Array  Theory 
Antenna  Images 
Proximity  Effects 
Reflector  Antennas 

CEGS  Theory  of  Operation  (1  2  Day) 

Antenna  Patterns 
DDM 

Near  Zone  Behavior 
Receiver  Processing 

Terrain  Effects  (1  2  Day) 

Finite  Conductivity 
Surface  Roughness 
Uneven  Terrain 
Other  Environmental  Effects 
Fresnel  Zones 

Reflecting  Plane  Configurations  (F  AA  Classification) 

Important  and  Unimportant  Terrain  Characteristics 
Siting  Considerations 

Computer  Modeling  (1  2  Day) 

Present  Capaki I i ties 
Modeling  Process 
Calculating  Perturbation  Effects 
Examples  of  Troubleshooting  with  Models 
Validation  with  Measurements 
Accurocy  of  Input  Data 


Troubleshooting  with  Tim*  Domoin  Ref  lactometer  ( 1/2  Day) 

Time  Domain  vs.  Frequency  "Bomoiri 
Transmission  Lines 

Pulsed  Transmission  Lines --Enounce  Diagrams 

The  Time  Domain  Ref  lactometer  (Tektronix  1502  TDR) 

Troubleshooting  with  Vector  Voltmeter  and  Probes  (1/2  Day) 

The  Vector  Voltmeter 
Directional  Couplers 

Effects  of  Uneven  Coble  Heating/ Cooling 
Probing  Antenna  Currents 

I L S  Monitoring  (1  2  Day) 

Chronological  History  of  ILS  Monitoring 
Types  and  Purposes  of  Monitors 
Integral  Monitors 
Near-Field  Monitors 

Relative  Advantages  and  Di  sod  van  togas  of  Each 

Engineering  Flight  Measurements  Using  Small  Aircraft  (1/2  Day) 
Discussion  of  Parameters  to  be  Measured 
Calibration  of  Equipment 
References  for  Aircraft  Position 
Data  Acquisition  and  Analysis 


B.  Si de bond  Reference  Seminor.  A  four  day  seminor  on  "The  ILS  Sidebond  Reference 
Glide  Slope™  *as  presented  at  the  FAA  Academy  in  Oklohomo  City  from  November  13  to 
November  16,  1978.  About  35  attendees  were  present  for  the  lectures  given  by  Drs.  Richord 
H.  McForlond  ond  Raymond  Luebbers  and  Mr.  Raymond  Ooxford.  The  foilwring  outline 
summarizes  the  material  that  was  presented: 

Introduction 

Introduction  of  Personnel 
Statement  of  Objective  of  Seminor 
Overview  of  Seminar  Activities 

The  Sidebond  Reference,  Image,  Glide  Slope  System 
Description 
History 

Motive  for  Implementation 
Penalties  for  its  Us* 
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_ /  of  Operotion 

Antenno  Pattern! 

Explanation  of  RF  Pattern! 

Applications 
SBR  Pattern! 

Distribution  System 
Normal  Conditions 
Antenna  Offsets 

Operation  under  Abnormal  Conditions 
Snow  Effects  (Discussed  in  Monitoring) 

Siting 

A.  General 

Theory  behind  Criteria 

Criteria  for  Roughness 

Reflection  Zones 

Types  of  Siting  Problems 

Acceptable  and  Uhocceptable  Obstructions 

Terrain  Considerations 

Manual  References 

Location  of  Transmitting  Antennas 

B.  Mathematical 

Use  of  Mathematical  Predictions 
The  Album,  Its  Preparation 
The  Album,  Its  Use 

Mathematical  Computer  Aids  Workshop 
pKT  losophy  and  Purpose 
Methods 
Demonstrations 
Type  of  Results 

Mon  i  tor  i  ng 

- PK  TTosophy 

Anolog  vs.  Fault  Detection 
Reliobi  lity 

Outage  Unocceptobility 
Description  of  Existing  Monitors  (Near  Field) 

360*  -  Amplitude 
270“  (300*)  Phase 
Sensitivity 

Counterpoise  Requirement 
Function 
Fabrication 
Snow  Effects 

Correlation  with  Far  Field  during  System  Perturbations 
Alarm  Limits 
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Monitoring  (continued) 

Integral  Monitoring 
Virtue* 

Implemen  tation 
Verifyino  by  Enomple 

Set-Up  Technique! 

General  Approoch 
Specific  Measurement* 

Phasing 

At  An  ten  not 

Ground  (Near  Field)  Phosing 
Far  Field  -  Mid  Mkr 
Airborne 

Confirmation  of  Performance  Preparatory  to  Flight  Check 
Perturbationol  Analysis 

F  light  Check 
Object  ive 
Limitation! 

Tolerance! 

Cat  I 
Cat  II 

Practicality  of  System  Change!  During  Flight  Check 

Troubleihooting 

pHompTet  of  Need 
Method*  of  Approach 

Probe  Measurements  (with  Vector  Voltmeter) 

Time  Domain  Ref lectometry 

Future  Remote,  Automatic  Doto  Logging  ond  Diognoifici 
Legol  Consideration* 

Significance  of  Manual*  and  Written  Instruction* 

Documentation 
E  sample*  from  Current  Cave* 

C.  Sideband  Reference  Short  Course.  A  one  day  short  course  on  "The  IL S  Sidebond 
Reference  Glide  Slope"  was  presented  to  18^ regional  engineer*  ond  techniciom  on  December  6 
1978  at  the  Southern  Region  Heodquorter*  in  Atlonto,  Georgia.  The  following  is  on  outline 
for  the  moteriol  that  was  presented: 


Monitoring 

Philosophy  -  Analog  vs.  Fault  Detection 
B.  The  Integral  Monitor 
I.  Mechanization 

a.  Width  -  (Amplitude) 

b.  Path  and  Width,  Mark  ID,  Cat  II 
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Monitoring  (continued) 

7.  Sompling  Probes 

o.  Probe  Measurements  for  FA9373  APC 

8651  AIL 
8730  Sc  an  we  1 1 

b.  Handheld 

c.  Rotatable  -  Tl 
C.  Near-Field  Monitors 

1.  Amplitude  Defector 

a.  Location  of  360°  Monitor  Point 

b.  Location  of  360°  Monitor  Detector 
?.  Phase  Detector 

o.  Location  of  Phase  Defector 

b.  Near-Field  Profile 

c.  Sensitivity 
3.  Counterpoise 

a.  Definition 

b.  Equipotential  Considerations 

c.  Elevation  Above  Eorth 

d.  Orientation  and  Sire 

e.  Conductor  Requirements 

f.  Bonding 

g.  Weather  Effects  -  Pooling,  Temperature 

Snow  Effects 

A .  Mon  i  tors 

B.  For  F ield 

C.  Procedures 

Effects  of  System  Perturbation 

A.  For-F ield  Response 

B.  Near-Field  Monitor  Response 

System  Confirmation  by  Ground  Checks 
'A,  Locofion  of  Ground  C^>ect  Points 
B.  CDI  Profiles 

D.  Notes  gnd  Qitiques.  For  all  presenfaf ions  the  attendees  were  provided  with 
a  complete  set  of  lecture  notes.  Overhead  projections,  slides,  ond  demonstrations  com¬ 
plemented  the  tTodifional  classroom  presentations.  Additionally,  the  Oklahoma  City 
seminars  were  highlighted  with  real-time  demonstrations  of  the  operation  of  Ohio  Univer¬ 
sity's  Computer  Modeling  Center.  This  was  done  vio  a  telephone  data  link  to  the  IBM 
3  70  1  58  at  Ohio  University  ond  proved  to  be  a  most  favorably  received  aspect  of  the 
seminars. 

Critique  questionnaires  distributed  at  the  end  of  the  semlnort  provided  Ohio  Univer¬ 
sity  engineers  with  valuable  information  concerning  subject  matter  for  future  seminars. 
Comments  by  attendees  to  the  capture  effect  seminar  determined  in  lorge  part  the  choice  of 
subject  matter  for  the  second  four  day  presentation  there --the  sideband  reference  glide  slope 
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VII.  APPENDICES 

APPENDIX  A.  MISCELLANEOUS  S8R  SET-UP  TOPICS 

One  of  the  assigned  tasks  under  Contract  DOT-F A78W A-4062  was  to  study  set¬ 
up  procedures  for  the  SB R  glide  slope  ond  to  suggest  programs  which  would  accomplish 
set-up  ond  commissioning  with  minimum  airborne  checking.  Theoretical  study,  computer 
modeling  and  actual  real  world  testing  at  TMB  hcve  resulted  in  the  following  suggested 
routine: 


(1)  Antenna  Heights: 

a.  Using  the  best  avoiloble  topographic  information  calculate  (using 
OUGS  if  necessary)  the  required  antenna  heights  for  the  desired 
glide-slope  path  angle,  and  the  SBO  C  power  ratio  for  desired 
path  width. 

b.  In  the  absence  of  specific  calculated  antenna  heights,  the  proper 
theoretical  heights  above  the  surrounding  terrain  as  well  as  offset 
con  be  obtained  from  Handbook  6750. 6B. 

(2)  Sideband  Power  Division 

Experimental  and  theoretical  evidence  reveals  that  a  fixed  sideband  power 
division  with  antenna  height  adjustments  to  set  the  path  angle  is  a  desirable  mode  of 
operation  for  the  sideband  reference  glide-slope  system.  Stability  of  the  path  angle  is 
the  critical  concern.  An  alternate  distribution  scheme  is  presented  here  which  replaces 
the  variable  divider  with  a  fixer  power  division.  The  distribution  scheme  shown  in 
Figure  A-l  accomplishes  a  power  division  with  the  addition  of  only  a  single  hybrid. 
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Figure  A- 1 .  Schematic  of  a  Fixed  Sideband  Power  Division  Distribution  Unit 
Implemented  at  Ohio  University's  Tamiami  Test  Site  in  March 
1979.  Hybrid  HY-3  is  the  only  component  odded  to  obeody 
existing  hardware. 
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This  distribution  unit  was  implemented  and  tested  of  the  Tomiami  test  site  in 
March  1979.  Hybrid  HY-3  ha*  been  added  to  the  standard  network;  Hybrid  HY-2  Is  a 
hybrid  which  was  alreody  in  use  as  a  part  of  the  variable  power  divider. 

(3)  Sideband  Power  Level 

The  total  rodiated  sideband  power  should  be  equal  to  obout  2%  of  the  total 
carrier  power.  One  indication  of  a  sideband  power  level  near  the  correct  volue  i» 
the  DDM  indication  in  the  lower  antenna  line  when  the  quadrature  section  is  removed 
from  the  sideband  line  during  carrier- to- side  band  phasing.  The  value  should  be  between 
.250  and  .300  DDM  in  the  90  Hz.  A  setting  of  the  sidebond  level  for  a  DDM  value  in 
the  lower  ontenna  of  about  .265  at  the  same  time  that  the  sidebands  ore  being  phased 
will  minimize  resetting  of  the  sideband  power  level  and  iterations  to  insure  proper  side¬ 
band  phasing. 

(4)  CSB  SBO  Phasing 

Carrier- to-sideband  phasing  is  essential  for  proper  operation.  This  is  accomplished 
by  placing  the  sidebond  input  line  to  the  APCU  in  quadrature  and  observing  the  DDM 
reading  in  the  lower  ontenno  directional  coupler  DC-1.  The  sidebond  phaser  on  the 
transmitting  equipment  should  be  adjusted  to  indicate  a  zero  DDM  condition  in  the  lower 
antenna  line.  This  can  also  be  accomplished  by  dummying  the  upper  ontenna  output  of 
the  APCU  ond  the  upper  antenna  line  and  observing  the  DDM  indication  on  the  phase 
(path)  detector.  In  either  case,  a  zero  DDM  indication  should  be  obtained  when  the 
sidebands  are  in  quodroture.  When  the  quadrature  piece  is  removed  from  the  sidebond 
line,  the  DDM  ihould  go  to  between  .250  and  ,3'X)  into  the  90  Hz.  If  the  DDM  shows 
90  Hz,  this  indicates  that  the  sidebands  ore  no,v  properly  out-of-phase  with  the  carrier. 

A  I  50  Hz  indication,  on  the  other  hand,  means  that  the  sidebands  and  carrier  ore  now 
in  phase  and  on  approximate  180°  section  should  be  either  added  to  or  token  out  of  either 
the  sideband  or  the  carrier  line.  If  does  not  matter  which  line  is  shortened  or  lengthened. 
Following  this  change  the  sidebands  must  then  be  rechecked.  The  DDM  level  read  is 
an  indication  of  the  sidebond-to-corrier  power- level  ratio. 

(5)  Upper  Antenna  Phasing 

The  phasing  of  the  upper  ontenno  in  the  sidebond  reference  system  is  one  of  the 
most  difficult  of  the  ground  set-up  procedures.  It  must  be  kept  in  mind  thot  the  only 
true  indication  of  the  proper  antenna  phasing  of  the  system  is  that  in  the  for  field, 
on  centerline.  This  is  most  closely  opproximofed  by  airborne  phasing  done  at  very  low 
elevation  angles  and  several  miles  out  on  centerline.  A  number  of  approximations  to 
this  ore  available  to  the  personnel  on  the  ground. 

Anfenno  ph  ssing  with  the  use  of  hand-held  or  jig-held  probes  to  somple  ontenno 
currents  is  very  repeatable  and  occurate.  The  vector  voltmeter  is  used  with  an  H-field 
probe  held  in  place  near  each  dipole.  Amplitude  and  phase  measurements  result  in  on 
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effective  omplitude  and  phase  value  for  the  ontenna  current  which  con  be  used  to  place 
the  antenna  current  180°  out-of-phase. 

Another  method  of  phasing  the  upper  antenna  is  possible  if  the  phasing  defector 
is  already  in  ploce  at  the  correct  location.  Ideally,  the  DDM  value  at  the  phasing 
detector  when  the  antennas  are  phased  properly  is  zero  DDM.  In  practice  there  is  some 
DDM  value  near  zero  that  is  present  when  the  system  is  operating  normally.  A  history 
of  this  value  must  be  available  from  previous  readings.  The  phasing  detector  is  normally 
fed  to  the  path  monitor  so  that  this  DDM  value  appears  there.  The  upper  antenna  phaser 
ccr,  be  adjusted  to  return  the  path  monitor  channel  to  the  reference  DDM  value. 

In  general,  a  ground  phasing  point  should  be  as  far  os  possible  from  the  glide- 
slope  mast.  However,  this  "objective"  often  causes  errors,  because  the  greater  the 
distonce  from  the  mast,  the  greater  the  number  of  sources  of  error  in  the  phasing  in¬ 
dications,  such  os  reflections  and  terrain  imperfections.  The  middle  marker  is  an 
excellent  location  for  phasing,  IF  a  number  of  other  requirements  are  met,  because 
it  is  sufficiently  far  away  from  tfse  facility,  and  usually  has  several  conveniences,  such 
as  an  antenna  mounting  point  (for  routine  checks),  power,  and  lights,  plus  ready  access. 
However,  these  conveniences  often  cause  the  middle  marker  location  to  be  used  as  a 
phasing  point,  even  though  it  may  be  a  poor  location.  A  minimum  distonce  for  ground 
phasing  is  approximately  1500'  (450m)  from  the  focility,  or  about  500'  (150m)  beyond 
the  threshold. 

In  addition  to  sufficient  distance  from  the  focility,  a  valid  phasing  point  should 
meet  the  following  conditions:* 

1.  All  GS  antennas  must  be  line-of-sight  from  the  phasing  point. 

2.  No  significant  horizontal  reflectors,  such  as  overheod  power  lines,  or  fences, 
should  be  between  the  receiver  and  focility. 

3.  No  significant  terrain  perturbations  should  exist  between  receiver  and  facility, 
such  os  ditches,  banks,  hills,  mounds  of  dirt,  etc. 

4.  Location  should  be  on  extended  runway  centerline  or,  if  necessary,  on  the 
glide  slope  side  of  the  runway  as  close  to  extended  runway  centerline  as  possible. 

Once  a  phasing  point  has  been  selected  on  the  basis  of  physical  characteristics, 
two  tests  are  needed  to  verify  that  the  indications  will  be  valid.  These  ensure  that  the 
signals  reoching  the  receiver  are  due  primarily  to  direct-radiated  ond  ground-reflected 
signals,  rather  than  unwonted  multipath  signals.  The  procedure  is: 

1.  Make  sure  system  modulation  unbalance  is  zero,  ond  the  quadrature  line 
section  is  90  t  2°.  Using  o  directional  antenna  (not  the  localizer  dipole  supplied  with 

*  Courtesy  AhW-463,  1978. 
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fhe  FA-3766  receivers),  and  Holding  the  onfenno  at  Head  height,  obtain  a  quadrature 
indication  in  the  null  reference  configuration,  ond  slowly  pan  the  antenna  from  side-to- 
lide,  approximately  t  30°  owoy  from  fc>eing  pointed  directly  at  the  antennas.  Chonges 
in  DDM  should  not  exceed  .02.  (If  significant  multipath  rejections  ore  present  at  the 
proposed  phosing  point,  pointing  the  directive  antenna  at  the  reflection  will  increase 
its  contribution  to  the  fotol  received  signal,  which  will  change  the  phase  between  carrier 
ond  sideband,  ond  couse  a  change  in  the  indicated  quadrature  DDM.) 

2.  With  a  quadrature  indication  ot  the  proposed  phasing  point,  remeosure  the 
DDM  at  point  100-200*  (30.5  -  61  ,0m)  in  front,  behind,  and  to  eoch  side  of  the  pro¬ 
posed  point.  Agoin,  changes  in  the  quadrature  DDM  should  be  very  small,  indicating 
that  reflections  ore  not  significant  ond  thof  proximity  error  is  acceptably  small. 

If  o  proposed  point  meets  the  above  requirements,  it  may  be  reasonably  ex¬ 
pected  to  provide  good  results;  generally,  systems  aligned  from  such  phasing  points 
will  pass  airborne  phasing  tests  without  any  additional  phasing  efforts. 

(5)  Threshold  Measurements 

The  availability  of  o  portable  mast  capable  of  elevating  a  probe  to  a  height 
of  70*  (21.3m)  mates  possible  the  examination  of  threshold  or  threshold-plane  DDM 
measurements.  A  plot  of  the  DDM  structure  In  the  vertical  plone  containing  the 
threshold  ond  extending  from  at  least  the  runway  centerline  to  the  oreo  directly  in 
front  of  the  antenna  mast  can  provide  both  commissioning  documentary  data  and  periodic 
maintenance  information.  Time  limitations  prevent  a  comprehensive  study  of  the  suit¬ 
ability  of  such  measurements;  i.e,,  sensitivity  to  parametric  changes  in  the  transmitting 
system,  effects  of  obstructions  in  the  near  field,  measurement  tolerances,  etc. 

One  such  series  of  measurements  has  been  token  at  the  Ohio  Lkniversity  test  site 
at  Tomiomi,  Florida  while  that  site  wos  in  a  sideband  reference  configuration.  Fiyjre 
A-2  is  the  result  of  tnese  measurements.  Threshold  crossing  height  is  seen  to  be  49.25 
(15.01m).  The  *  1  localizer  dot  for  the  Tomiomi  site  is  marked  on  the  Figure.  The  DDM 
structure  at  the  threshold  ond  across  the  localizer  indicates  that  the  glide-path  width  in 
the  area  of  the  threshold  is  not  uniform. 

At  the  Tomiomi  site  ±  1  localizer  dot  subtends  a  sector  os  viewed  from  boresight 
of  20-26®.  An  examination  of  typical  amplitude  and  phase  versus  azimuth  for  the  APC 
FA-8976  glide-slope  antenras  shows  that  the  rote  of  change  of  these  parameters  in  the 
vicinity  of  20-30°  from  boresight  is  sufficient  to  cause  on  effective  differential  ampli¬ 
tude  and  or  phase  between  upper  and  lower  ontennos.  The  effect  of  relative  amplitude 
ond  phase  chonges  *o  the  antenna  drive  currents  is  well  documented  in  Appendix  B  of 
this  report . 

Additional  study  should  be  undertaken  to  determine  the  vulnerability  of  vertical 
guidonce  ip'ormation  as  a  function  of  azimuth-dependent  antenna  chorocteristi cs 
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Figure  A-2.  ThreiWold  Plone  Probe  Meawremenh  Toten  ot  the  Tamiami  Te»t  Site, 
February  1979.  Indicated  on  the  graph  it  *  1  localizer  dot. 


APPENDIX  B.  NE  AR-FlELD  MONITOR  AND  FAR-FIELD  RESPONSE  TO  SYSTEM 
PERTURBATIONS 


Figures  B-  I  through  B-6  which  follow  give  o  graphic  picture  of  the  for-field 
of  the  sideband  reference  system  to  various  system  perturbations  including: 

I.  Corrier-to-sidebond  phasing 
t.  Upper  ontenno  phasing 

J.  Lower  and  upper  antenna  attenuation 

4.  Carrier  attenuation 

5.  Sideband  attenuation 

,r  ;  has  two  dependent  variable  scales,  one  on  each  side.  The  path 
on  t' t  eft,  the  path  width  is  on  the  right.  Out- of -tolerance  conditions  are 
,  t  fie  !  is  the  cross-hatched  are  s  ot  the  top  and  the  bottom  of  the  graph.  The  path 
•  iv  t  ltd  line  and  the  width  is  the  dashed  line.  The  parameter  value  beyond 

e  .  t  field  is  out-of- tolerance  is  noted  below  each  graph. 

Fi  ,  1  e>  B-7  through  B-16  which  follow  show  the  Course  Deviation  Indicator 
I  \  t-  sicroamperes  at  both  the  amplitude  and  pFiase  near-field  monitors  for 
re  .  t  r h  rbofians.  These  per turbutions  are  the  some  as  those  for  which  the  famfield 
1 1  es  ore  computed  in  Figures  B- I  through  B-6. 
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Limit*:  Path  -  NA 
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Figure  B- 1 .  S8R  Carrier  to  Sideband  Phaiing  Far-Field  Reiponte. 


Limiti:  Pofh  -34*,  ^34* 
Width  -37.5*, 


Figure  B-2. 


S8R  Upper  Antenna  Phaiing  For-Field  Reiponte 


LA  AM.  (dB) 

Limih:  Poth  -1.65  dB 
Width  -3  dB 

Figure  B-3.  SBR  Lower  Antenna  Attenuotion  For-Field  Reipome 


Path  Angle  / 


MllMltVe  II1 


LiA  Att.  (dB) 
Limit*;  Poth  -1.75  dB 
Width  -3. 1  dB 


Fi^jre  B-4.  SBR  Upper  Antenna  Attenuation  For-Fleld  Reiponee 


CDI  CDI 


Figure  B-7.  SBR  Amplitude  Monitor  Response  to 
Carrier  to  Sideband  Phasing. 


Figure  B-8.  SBR  Phase  Monitor  Response  to 
Carrier  to  Sideband  Pbosing. 


5 


CDI 


250  1 


Fl^»r«  B-13.  S8R  Amplitude  Monitor  Re»pon»«  to 
Uppor  Antonrva  Aftonuaflon. 


dB 


Figoro  B-14.  S8R  PKai*  Monitor  Response  to 
Uro*r  An  ton  no  Attonuotion . 
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APPENDIX  C.  PROGRAM  USTINGS 


I  Of 

C 


c 

.10 

II 

17 

.13 

c 

40 
4  1 

50 

51 

AO 

At 

71 

70 

7? 

3 

C 


IdCAl.  IZt.k  FLAIE  SLA  I  IE  RING  HOUR. 

I  HI  'I  Hi!  KEAL*8<A.P.D-I .k.H.U  7) 

IHFI  I C  I  T  COHPI  f.XIIMC) 

KF  Al  *4  OHF  liA  (  100)  .PAT  (  100)  .XI  (  I?)  .  Yl  (17) 
n IHf  NS  I ON  ICS (70) > ICSPHAl 70 > . ISS( 70 ) . I SSPHA ( 70 > . ZP<  20) 

COHHON  CF  S.CE  H. X. Y.Z. T .P»  XP, 7A.X0I  ,  YHP  .  /  DP  ,  X  HP  2  *  X  DP  1  .  7l)PB»  7  DPI 

C  »  T  F-  *  K.F.K.RO 

liAIA  XI./'  ,  '  '.'O'.'M'.'E'.'G'.'A'/ 

I’  *  Yl  / '  '  H  '  *  '  H  '  »  '  H  '  »  '  '/ 

PHASF  <  I!  )  |IATAN7(  IilHAim:  )  t  hPF  Al  (  C  )  )  •  1  80  .  /  1 .  14  1  59 
K!  All  HA  I  A 
N I  O 

KI  AH  10.NSCA I .NF  I  OTS.Nf  YF ( 

f  OKHAI  OOXi  UM 

If  <  NSi  A  !  .f  <1.0)1  PINT  11 

f  OKHA  I  (  1  OX  .  *  IMF  ki  IS  NO  SI  AIM  PER  PRESENT') 

II  <N';i  Al  .Nl  .0)1  K  INI  17 

f  OKHAI  <  I  OX.  ’  I  Ml  KI  IS  A  SI  AMI  II  K  IKISINI  ) 

I  KIN  I  ll.NPI  (IIS 

FOKHAM  lOXt  I  1  .  '  f  I  (IP,  U  II  I  HI  HAHF  '  ) 

NN  NO  I  I  KI  SI  N  I  I  Y  IJSf  H 

KI  AH  40  *  NN  •  Nl  .  H.  «l  .1  .A 
I  OKHA  I <  1  OX  »  7  I S  »  4 H 1 O .  1  ) 

PRINT  4  1  f  Nl  »  H  .  X  f  *1  »  A 

I  OKHA  1(1  Ox  i  l  01  Al  l  /  f  K  HA  I  A  ***  .  7  '  .  1* . .  1  X  »  •  I  I  f  HI  N 1  S  '  *  SX  .  H  =  '  . 

*1  10.  1.  XI  .0 10.  S.2X .  ' f  Kf  O' »F  10. 1 . 7X .  ' A  FA  I  ID-SI  10.3) 

Kf  AH  50.  XHP7.  XHP1  ./HI  7. /HI  1  .  YHF’ 
f  OKHAI < 10X.5H10.  1) 

IK  IN  I  SI  »XHf  7.X  HI  1  ./HI  7./DF  1  .YI'F 

FOKHAR  10X.  'S«  Al  II  KI R  HA  I  A  ««*  .  X  HP  7  . 1. 1 0 .  1 . 7X  »  '  XDP 1  =  '  .  G10 . 3. 

»'/HP2  '.I>10.  1 . 7X  .  ZHF  1  .ft  10.  1*7X»  YHF  ,010.  1) 

KI  AH  AO.X.RY/.OHFGAI  .OHFOAF  .  Nl 
F OK  HA  I  (  10X.7HI0.  1.71  10.  1.  IS) 

KF  AH  07 .  HHV.ANGI  f  .UIH.N1I  NNA 
fIV  f  OKHA  I  (  10X.  IF  10.  1.  IS) 

I  K  IN  r  A  1 . X .KYZ.OHf  GA I .OHF  OAF  .  Nl 

I  OKHA  r  (  10X  .  I  A  I  II  KN  HA  I  A  •  *  «  .SX  .  X  .  fi  1  O  .  1 .  1  <  .  Kr  /  -  '  .G10.3.2X. 
X'OHfOAI  '.F10.3.7X*  OHIOAf  '.M0.1.7X,  NOHKI  K  Of  POINTS* '*  I5> 

FRINI  71 

f  OKHA  I  (  I  O  x  .  FI  f  HF  Nl  '  .  JX.  '  II  S  .7X.  I  MASK  '  .  5X  .  '  I SS  '  .  7X  ,  '  PHASE  '  »  5X  . 
»'X  njOKH.  '  »?X.  '  Z  LOOKfi .  '  ) 

F  Ft l .HA 
till  I  JO  I.NF 

KF  AH  70.niS(  )H  >  .  I  ISfflA  (  Jfi )  .  I  SS  <  It')  »  1  SSPHA  (  JH > . XP . 7P < JD > 

F  OKHAI  <  10X  .  41  10. 3. 71U0.  1  > 

PK  INI  77.  1(1 .  1 1  G  (  W*,  ICSPHAl  ID>>1SS(  IH)»ISSfHA<  JH  )  »  XP  »  ZP  (  JD  ) 

F  OKHA  1  <  I  OX .  IS , 4<  1 X .F  7 . 3 ) . 7 < 7X . O 1 0 .  1 ) > 

CON  1  INIJF 
CONSTANTS 

PI  -  1. 1 4 1 597A5 

•C  V.PISAVHH 

C.J  HCHPI  X10.  HO.  1  .HO) 
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C  CALCULATE  CONSTANTS 
K=2.*PI*E/*C 
R=DSORT<X**2+RYZ**2> 

XDP*  <  XDP2E XDP 1 )/2. 

ZDP=<ZDP2+ZDP1 )/2. 

C  INCREMENT  ORBITAL  ANGLE  OMEGA 
DO  1  J* 1 » NP 
Til =0.0 
T l 2=0 . 0 

OMFGA  <  J  )  -OME  GA  I  E  (  J-  1  .  >  *  <  OMEGAE  OMEGA  f  )  /  (  NE'  1.) 

0=0MEGA ( J ) *P I / 1 80 . 

Y=RY7*DC0S<0) 

Z=RY7*DS I N  <  0 ) 

C  T  IS  POLAR  ANGLE  THETA  IN  RADIANS 
T  =DARCOS (Z/R ) 

P  =  DA  T  AN2 <  Y  »  X  ) 

CESS -DCMPLX<0.D0»0.D0> 

cecs  dcmpi  x ( o . do . o . no  > 
cess2  hempi x(o.no.o.no) 

CECS2-HCMPI  X  ( 0 .  DO  1 0  .  DO) 

C  CAl.CUl  A  TE  EIFIDS  E  OR  EACH  ANTENNA 
DO  2  JE -1»  NE 
IPCS  I CSF'HA <  JE  >*PI/180. 

IP'.s  I SSPHA (  JE  >  *P I / 1 80 , 

CISS  ISS<  IF  )tl)CMPl  X(DCOS<  IPSS)  >DSIN<  IPSS)  > 

CICS  ICS< JE ) *DCMF'l  X ( DCOS ( IPCS) .DSIN( IPCS)  ) 

ZA  ZP<  JE ) 

RO  DSORT  (  XF  **1'E /A**2E  YDE  **?> 

C  TF*  IS  THE  POI  AR  ANGI  E  IN  RADIANS  I  ROM  I  HI  ANIENNA  TO  T  HE  CENTER  1)1  TH 
TP  DARCOS  (  <  7DF'  ZA  )/DSORT  <  (  XDf  XP  )  ** E  YDP**  1 E  (  ZDP  /A  )**.’)) 

CALL  DIRECT 

IF ( NSC AT .  EQ . 0)00  TO  8 
CALL  SCAT 

C  TOTAL  FIELD  IS  SUM  OF  DIRECT  AND  SCATTFRED 
CET  =  CE  D  ECE  S 
CESS  Cl  SSfCISS*!  E  I  *CJ 
CECS  =CECS4C I CS4CE  T 
ESS=CDADS(CESS) 

ECS *C DABS ( CECS ) 

ED=CDAHS ( CE D) 

ES-CDABS(CES) 

E  T  =CDABS  <  CE  T  ) 

EDPHA  PHASE (CED) 

8  CONTINUE 

CESS2=CESS2ECISS*CFD*C  I 
CECS2 -CECS2EC ICStCE D 
ESS2»CDABS(CESS2> 

ECS2*CDABS(CECS2) 

2  CONTINUE 

IF (NSCAT .10.0)00  TO  17 
DDM-ESS2 

DDMo-2. *M*A*DREAl (CESS/CECS) 

UA=DDM* 150. / . 155 
17  DDM2*ECS2 

DDM2*-2. *A*M*DREA1  ( CESS2/CFCS? ) 

UA2=DDM2* 150 • / . 155 
J2=JENP 


-457 


PAT ( J ) =DDM 

IF (NSC AT .  EQ . 0 ) PAT (J) *DDM2 

I F  (  NPLGTS  .EQ.2)F'AT  (  J2  )  =  DDM2 

I F ( NPLO  TS . EO . 2  > OMEGA ( J2 ) =OMEGA ( J ) 

PRINT  1 0  »  OMEGA ( J  > . DDM  »  UA  *  DDM2  »  UA2 
10  FORMA T( 10X.5F15.4) 

X=0. 155 
Y ’0.0000 
Z 1=0. 2500 

IF  ( DDM2 .GT . Y. AND. DOM 2. IE. X. AND. OMEGA ( J ) . GT . ~6 . 0 ) DDM3=DDM2 
IF( DDM2.GE .X . AND. DDM2.LE . Z1 . AND . OMEGA ( J ) . GT . -4 . 0 ) DDM4=DDM2 
IF  (  DDM2.GT  .  Y.  AND.  DDM2.LF.X.  AND.  OMEGA  (  J)  .GT  . -4 . 0 ) TH1  =  OMEGA  (  J  ) 

IF ( DDM2.GE . X . AND . DDM2 . LE . Z1 . AND . OMEGA ( J ) . GT .-6.0) TH 2= OMEGA  <  J ) 

X’-O. 155 
Y=-0 . 000 
Z1 =-0 . 250 

IF  (DDM2.LT . Y. AND. DDM2.GE.X.AND.0MEGA( J) . L  T .6.0) DDM5=DDM2 
IF (DDM2.LE.X.AND.DDM2.GE.Z1 . AND . OMEGA < J ) . LT . A . 0 > DDM6=DDM2 
IF (DDM2.LT .Y.AND.DDM2.GE.X.AND.0MEGA(J) .1  T . A . 0 ) TH3’0MEGA ( J ) 

IF (DDM2.EQ. DDMA  > TH4 ’OMEGA ( J ) 

W=-.O80 
V’  .08 

IF  <  DDM2.GT .U. AND. DDM2.LT .0.0) DDM8-DDM2 
IF (DDM2.GT .0.0.AND.DDM2.L T . 0 ) DDM9’DDM2 
IF (DDM2.GT . U. AND. DDM2.LT .0.0) ALPHA2*0MEGA < J > 

IF<  DDM2.UT .0.0. AND. DDM2.LT . V)ALPHA3’0MEGA<  J) 

IF  <  OMEGA  (  J  )  .  EO  .  0 . 0  )  DDMODDM2 
IF  I.  OA  I)  .  EQ .  0 . 0  )  UAC  UA2 

I F ( DDM2 . GE . -0 . 1 55 . AND . OMEGA ( J ) . LE . - 10 . 0 . AND . OMEGA <  J  > . OE . -35 . 0  >  T1 1 - 
1  1 

IF ( DDM2.LE .0. 155. AND. OMEGA ( J) .IE . - 1 0 . 0 . AND . OMFGA ( J ) 

1  .OE.  J5.0)WRITE  (8f67)(ME0AU) 

IF (DDM2.GE.-0. 1 55 . AND . OMEGA < J ) .GT. 1 0 . 0 . AND . OMEGA < J ) 

1 . L  F  . 35 . 0 ) UR  I TE  ( 8 . 67 ) OMEGA ( J ) 

IF  <  DDM2.LI  .0.1 75. AND. OMEGA ( J) .LT.-3  0 . AND . OMEGA ( J ) . OE . - 1 0 . 0 ) UR I TE 
1<8»A  ' ) OMEGA ( J ) 

I F ( DDM2 . GF .-0.1 75 . AND . OMEGA ( J ) . GT . 3 . 0 . AND . OMEGA < J ) . LE . 1 0 . 0 ) UR I TE 
1  ( 8  *  A  7 ) OMFGA ( J ) 

67  t  0RHA7 <10X*I  10. 

IF  (  DDM2.LE  .0. 1  55  .  AND  .  OMFGA  (  J  )  .GE.  1  0 . 0  .  AND  .  OMEGA  (  J  ).  l.E  .  35 . 0  )  T  1 1 » 1  . 
n  (DDM2.0E.  0.173. AND. OMEOAt  J ) .1  T . - 3 . 0 . AND . OMF GA ( J ) . GE . - 10 . 0 ) T 1 2-1 
IF  <  DDM2.LE.0. 1 75. AND. OMEGA ( J) . GT . 3 . 0 . AND . OMEGA ( J ) . LE . 1 0 . 0 ) T 1 2- 1 . 

IF  < T1 1 .EQ. 1 .O.QR. T12.E0. 1 .0)00  TO  37 
GO  TO  39 
37  NI’NIFl 
39  T 1 3*0 . 0 
1  CONTINUE 

PER»DDM9/ ( DDM9-DDM8 ) 

ALPHA’ALPHA3-( < ALPHA3-AI PMA2)*PER) 

PERI  * ( DDM4 -0 • 155 )/ ( DDM4-DDM3 ) 

THETA1*( T  M  2  — ( ( TH2-TH1 >*PER1 > ) 

PF  R2= ( DDM6-X )7 ( DDM6-DDM5 ) 

THETA2’( TH4-( (TH4-TH3) *PFR2 ) ) 

THE  TA» THE  TA 1  -  THE  T A2 

PER7»( ( THE  TA-UID)7(UID) >*100. 

PRINT  99. DB9. ANGLE. NTENNA. ALPHA. UID. THETA. PER7.DDMC. UAC 
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99  FORMAT (1 OX. '****************' /10X . 'RESULTS  OF  A'.2F10.5. 

13X* 'COMPLEX  REFLECTION  IN  ANTENNA  NUMBER '» I5//35X. 'NORMAL ' r3X» 

I 'WITH  FAULT'/IOX. 'ZERO  DDM  COURSE ' , 1 OX . ' 0 . 00 ' . 3X , F 10 . 5 
1/10X. 'COURSE  WIDTH' . 13X.F5.3.3X.F10.3/10X, 'X  CHANGE  IN  WIDTH' 
l»8X» '0.00' »SX»F10.S/10X» 'CENTERLINE  DDM' t 11X» '0.00' .5X.F10.5 
1/lOXt 'CENTERLINE  UA' . 12X. '0.00' .5X.F10.5) 

97  FORMAT < 10X» 'LOW  CLEARANCE  IN  SECTORS  1  t  2' »5X. 'NONE' ) 

IF (NI.EQ.O) PRINT  97 

X-PER7 

Y-UAC 

PER8-DABS<X> 

UACl-DABS(Y) 

IF ( PER8. LT. 17.0. AND. UAC1 .LT. 15.0. AND. NI .EO.OIPRINT  79 
79  FORMAT < 10X. 'THE  SYSTEM  IS  IN  TOLERANCE '/10X. '***************' ) 
IF<NI.OT.O)PRINT  77 

77  FORMAT< 10X. 'LOW  CLEARANCE  IN  SECTORS  112') 

IF (NI .OT «0)G0  TO  47 
IF  <  NI . EQ . 0 )G0  TO  48 
N-l 

47  DO  7  N-l.NI 
READ< 9.69  >PHI 

69  FORMAT (10X.F10.3) 

PRINT  98. PHI 

98  FORMAT (35X. FI 0.3) 

7  CONTINUE 

48  IF(PER8.GT. 17.0.0R.UAC1 .OT. 15.0.0R.NI .GT.O 
DPRINT  88 

88  FORMAT <  10X »  ' THE  SYSTEM  IS  OUT  OF  TOLERANCE ' /10X ,'*************' ) 

IF  <  NPLOTS . EQ . 0  >G0  TO  9 
IF (NTYPE . EQ. 1 )G0  TO  19 
CALL  MPLOT ( OMEGA . PAT . NP . NPLOTS . XL  » YL ) 

GO  TO  9 

19  CALL  PLOTT<OMEGA. PAT. NP. NPLOTS. XL. YL > 

9  CONTINUE 

STOP 
END 

SUBROUTINE  DIRECT 

IMPLICIT  REAL*8(A»B.D-I.K»M.0-Z) 

IMPLICIT  C0MPLEX*16<C> 

COMMON  CES.CED.X.Y.Z.T.P.XP.ZA.XDP » YDP. ZDP. XDP2. XDP1 »  ZDP2. ZDP1 

C.TP.  K.F.R.RO 

PHASE  < C  >*DATAN2<  DIMAG <  C ) » DREAL  < C ) >*180. /3. 14159 
PI-3.14159265 
ETA-3. 77D2 
C J-DCMPLX ( 0 . DO » 1 . DO ) 

ZP-ZA 

C  SINGLE  ANTENNA  PATTERN 
DIPAT-1 .ODOO 

C  FOR  TRAVELING  WAVE  DIPAT-DCOS <  DCOS ( T ) *PI/2. ) /DSIN<  T ) 

C  RADIAL  DISTANCE  FROM  RECEIVER  TO  ANTENNA 
RP-DSORT  < ( X-XP ) **24 Y**2f<  Z-ZP )**2 ) 

CEX-CDEXP  < -C J*K*RP ) 

EX-CDABS ( CEX ) 

EXPHA-PHASE  <  CEX ) 

CED-CJ  *ETA*CEX*DIPAT / <  2 . *PI*RP ) 

RETURN 

END 
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SUBROUTINE  SCAT 

IMPLICIT  REAL*8<A'B»D-I'K'M'0-Z> 

IMPLICIT  C0MPLEX»16<C> 

COMMON  CES  *  CED  *  X  »  Y  t  Z  r  T  r  P  r  XP  *  ZA  *  XDP  »  YDP  t  ZDP  t  XDP2 *  XDP1 » Z0P2 * ZDP1 

C»TP*  K » F » R  »RO 

PHASE (C ) -DATAN2( DIMAG(C )  » DREAL  <C ) ) *180 . /3 . 14159 
C  CONSTANTS 

PI-3. 14159263 
MUO-. 303022977 
MUO-MUO* 1 • D-6 
CJ-DCMPLX (O.DOtl.DO) 

ZP-ZA 

C  SINGLE  ANTENNA  PATTERN 

C  FOR  TRAVELING  WAGE  DIPAT-DCOS ( DCOS< TP )«PI/2. >/DSIN< TP) 

DIPAT-1. ODOO 
C  COMPUTE  SIN(U)/U 

IF ( ( X . EG . 0 . DO ) . AND. ( XP.EO. 0 . DO ) ) GO  TO  1 
VX-  Kt <  XDP2-  XDP1 )*(XP/R04X/R)/2. 

UX-DSIN< VX  >/VX 

3  IF< (Z.EQ.O.DO) .AND. (ZP.EQ.O.DO) )G0  TO  2 

VZ-  K* <  ZDP2-  ZDP1 )*<  ZP/R0+Z/R)/2. 

UZ*DSIN(VZ)/VZ 
CONTINUE 

CALCULATE  PHASE  TERM 

CEX-CDEXP(CJ*K*<  (  ZDP2+ZDPl)*(ZP/R0+Z/R>/2. 

»E<XDP2*XDPl >t(XP/R0*X/R)/2.-<R0+R  -Y*YDP/R>>> 

CINT-  CEXtUXtUZt  <  ZDP2-ZDP1 >*<XDP2-XDP1 ) 

AX-YDP/DSORT (  XFt*24 YDP**2 ) 

R I -RO- < <  XDPtXP ) - <  ZDPtZP ) ) /RO 
R2-  R4YDPt«2/(2»R>-(XtXDP+Y»YDP+Z*ZDP>/R 
CES-  F*MUO*DIPAT*AX*CINT  /  < 2 . API *RI*R2 > 

CES-CES«DSIN(T> 

GO  TO  7 

1  UX-l.DO 
GO  TO  5 

2  UZ-l.DO 
GO  TO  6 

7  RETURN 

END 


FILE:  ANTENNA2  FORTRAN  A 

COMPLEX  A <15 *15)  *P<15)*C<15)*Dr<15)*5<  15 ) *H< 15) *P, S < 15 ) *Q<  15) 

1 *0S< 15 ) *B1 < 15 ) 

DIMENSION  ?  <  1 5 ) 

Ns  1 5 

c  scatter  matrix  parameter  definition 
DC  10  1  =  1*6 

READ  ?73«<A<I*J)*J=1*N) 

DO  10  J=1  «V 

A(I*J»sCMPLX(Uf  ••(REAL(A(  I,J>  >/?0))  •  COS<0.017453*AINAG<A(I*J)n* 
l<lG**<RCAL<a<I,J))/2R))*SlN<C*017453*ATMAG<A<I*J>>>) 

273  FORMAT! 3A.2F10. 5) 

1 r  CONTINUE 

C  ANTENNA  REFLECTION  COEFFICIENTS 
READ  ?73*»P<J)*J=1*N) 

00  135  HUN 

B(  I )=CMPL»! <10**<RE AL<d<I >  )/20) > *C OS < 0 . 0 1 7453* A  IN AG <B< I ) > ) • 
1<1Q**< RE AL<P<I))/?C))*SIN< 1*01 74  53*4  IN  AG <B<I)>>> 

135  01  <1 >-B(I  A 

C  INPUT  POuER  TRANSMISSION  DATA 
READ  ?73*<CS<J)*J=1«N) 

CALL  CNVR  T  <  LS *N ) 

RE  AC  273*<0C<J)*U=1«N) 

CALL  CNVR T <  DC  *N  ) 

00  5  C  I  =  1 »  N 

0C» I )sCNPL*<50.*C.C)*DC< I ) 

OS (I  )=CMPl* <50.*C.P)*0S< I  I 
M<  t):C«»L((C<0«b*C> 

READ  273*  Z  « I » 

5'  CONTINUE 

CALL  RFLCT(A*B*C*OC*G*H*s*Q*N> 

DO  27  1  =  1, N 

OCl I )=CHPLX< SORT  <RCAL<C<I1 ) **2* A  IN AG < C <  I » » • *2 ) * 

157.2  94»ATAN2<A]MAG<C<1))*REAL(C(IMM 
27  H<  I  »sC“PL»  <0.0  *f.*C  ) 

CALL  RFLCT<A,B1*C«PS«G,h*S,Q*N> 

00  37  I  =  1 « N 

0S<  I  )=C<*PL  I  <SQRT<REAL<C<  I  )  )  •  *2*  A  I  NAG  <  C  <  I  ))  **2  )  ,A  TAN?  <  A  I*AG<  C«  I  >  >* 
IRE AL<C< I » )) *57.256 ) 

37  CONTINUE 

MRITE<7,irC» 

IOC  FORMAT! ION**  F  l  1*> 

WRITE  <7,  HO) 

110  FOR"AT<10X,R  51  15*,*  0.3  •*•‘*.0  • 

1**111*5  ***G.36m  •> 

WRITE <7, 12C) 

120  FORMAT  < 1  OX  *  *  -.5  -5*5  4.G  -6*  ISO* 

RE  AC  62*0NEGl*0MfGAF*NPT 
62  F0RMAT<1C»*2F1C*3*I5) 

REAS  67*0Q5*ANrLE • V IO»NTENNA 
67  FOR MAT<10*«3F 10*3*15) 

WRITE! 7*13C)0NEGI*0MEGAF*NeT 

136  FORNaT<1CI**1COO.  3160 C •  *,?C10.3*I5) 

WHITE! 7*65 )CB9,ANGLL*WID*NTENNA 

09  FQR FAT<10X*3F 10*3*15) 


-401 


file:  antenna?  fo«tran  a 


OMIT  U*' l  VERITY  AVIONICS  ENGINEER 


00  47  1=1, N 

47  URITE(7,14C»  0C(  l),CS<  !>,?<  I) 

140  FORMAT  (  10x,4Fn,3**  0,0  *,F10.M 

STOP 
FNP 

SU  54  OUT  INE  RFLCT»A,B,C,0,G,~i,S*fl,N) 

COUPLE  *  A(N*N)*0CN),CtN),O!N),'i(N),H<Nl,P»S(N),QIN> 

PAINT  1 
DO  4  1=1, N 

4  PRINT  5C0,(A(I ,J),J=1,N) 

PAINT  2u«(P(I)«I=l,N) 

5  FORMAT(*SThE  A  matrix  is:*) 

20  FORw AT  (  *  •  ,  *  THE  6  MATRIX  I  S :  *  ,  /  ,  1  X  ,5  ( 1  f'F  1 0 . 3 , 1 X  •  1PE 1 0  •  3 , 3X  )  , 
C/,6«,5T IPE10.3,1X,1PE10.3,3X>,/,6X,5<1PE11.3,1X,1PE10.5»3X>> 

°A INT  30, (IM  J) ,J=1 ,N) 

30  FOA“AT(«  * , *  THr  INCUT  TRANSMISSION  MATRIX  IS!*,/, 

C 1 X,5 < l PE  1 0. 3, 1 *, 1 PflO. 3,3X >,?</,6X, 5 »1°E10. 3* IX ,1PE 10. 3,3* »»  * 
p  =  C**PLX  ( 1.0, 0.0) 

PAINT  S 

f»  FORMAT  <  •  • ,  »THF  vOLTAC-r  AVAILABLE  TC  Tmc  ANTENNA  IS:*) 

00  300  K s  1  .  1  0 
00  50  J=l,N 
C<U)=W< J) 

G« J)=0< J>*° 

30  0( J)=B< J)*C(J> 

CALL  MULTIOII ,0,S,N,N,l ) 

DO  250  J=1,N 
25C  M« J)=GC j)4S<j> 

300  PAINT  50t,(MJ)«J=l«N) 

00  350  J= 1 , N 

35  0  C(J)=H(J).(C«,PLxM.C,0.0)«')(J)) 

PAINT  7 

7  FORMAT ( •  • ,  • THE  FINAL  VOLTAGE  AT  THr  ANTENNA  IS*) 

PAINT  •SC0,«C«J).J=1,N) 

500  FORMAT!  •  *, 5(  2U  PE  10. 3, 1  X  ), px  ),  2!/, c«,S(irn  0.3, IX,  1  PE  10. 3, 3X))) 

00  17  J  = 1  , N 

B<J)=30.*(1.*B(J))/!1.-H<J)) 

CC0S  =  C0S«ATAN2!AIMA(,«C(d)),REtL<CfJ)>)) 
CSIN=SINCATAN?!AIMAG«C<J)),REAL<C!J)))) 

CNAGsSGRTMl  ./50.)*REALtC<  J)«C!  J)/E<  J)  )) 

17  C<J)=CMPLXlCCO?*CMAi,CSlN*CMA$) 

PAINT  « 

A  FORMAT  <  •  THE  AfiTF  NN  A  CURRENTS  ARE:*) 

PAINT  50Q,tC(J)«J=l«N) 

RETURN 

ENO 

SUPROuTINf  MULTI  0 « A,P,C,N1 ,N2,N3) 

C0M°LEX  A(Nl ,N?) ,P(S?,N3) ,C(n1,N2> 

00  1  1=1, N1 
00  1  X=  1 , N  3 
C<I,K>=C*PLx<9.C«C.C) 

00  1  J=1,N2 

1  CII  «A)=CU  ,K)»A|  I  ,  J)*B  I  J,*> 

RETURN 

ENO 


COMPLEX  A(19,15> ,B<lb),C'15),0C<15>,G< 13),H<13>,P,S<15>«0<15> 
l.osns)  ,6i  <i*i> 

PIP'NSIQN  2<15> 

*slS 

C  SCATTER  5AT*I<  PARA  *r  TE  R  OrFlNlTlON 
00  10  1*1, N 

REV)  973«<A(I,J)  ,J=1,N) 

no  l?  jsi,»j 

A<  I,J)sCriPLX(f  1'**<REALU<  I,J>>/20>> «C 0$« 9 • 0 1 7*93»A iNAGt AC t, J> >) • 
1  (1<‘*»(RPAL(A(I  ,J>  >/20}  )*SIN(0.017R33*ATMA6UCI*J>)>> 

273  FORMAT*  3<,2F10.M 
1  CONTINUE. 

C  ANTENNA  RFFuCTlON  COEFF  IC ICNTS 
REA:  273,*P.<J>,J?1»N> 

00  *35  1  =  1, N 

P(I  )SC  *PLX<  <10  ••<»!.  AH  Id  n/2  0)  >*C0«*  0.01 7A53*  A  IAAO(B(I)M« 

Ml'  ••(REALTMlI  I  >/2f  )  >.0l7Ab3*A  H*3*9*n>>> 

135  Pi  <  I  >=MI  > 

C  INPUT  f  ’iMFR  TRANSRI5SIC,  DATA 
»EAC  ?7 A, fjst J) • J=1,N> 

CALL  CNVRT*3S«N> 

READ  273,  (OCC  J),Js]  ,t.’> 
call  CN7RT»0C,N> 

00  *>C  T  =  l,f. 

CC*I)=C  'PL  x  ( SO • «  5 • O  *0C  C I  > 
os  1 1  isc^PL*  *5  0  >*0S« I  ) 

HCl)sCOPL<(r.n,C.O) 

®E  40  273*  7*!» 

5  CONTINUE 

CALL  6FLCTM,«3,C,DC,G,'SS,'',N> 

03  27  T r 1 , \ 

OC(T  »  =  CNPL4  TSSPTfRf  AL(CCI>  )**2*AI»ASICM»>**2>  , 
137.?96OT*:i?IApl0fC«IU*4r»L(C(imi 
27  H<II*C*PU*C?,0,C,1) 

CALL  RFLCT* A,«l ,r,L i,3,H,S,  1,N) 

CO  !7  I  =  1  *  N 

f'SU)t<,.'*t»L»(SiPT«Rf  AL«C<I  )  »  •*2*AIHA".  «C*T»)  * *2 > • A T AN2 * A  I RA 8* C 1 1 > > t 
1»E AL»C< I >  »  > *57.290  > 

37  CONTINUE 

WRITP(7,lrCT 

IOC  FO»*AT*  10*,*  r  I  t»> 

WRITE  C  7,1  n> 

11C  P0« *AT<  1GX,#  91  15*, •  3,3  *••",0  • 

1,*111.7  •  »  •  0  •  3€  3  •> 

WRITE »7,l?0> 

12T  FC»*AT* 1 d<**  -.5  -R.5  R.P  -A,  1*8, 

•  EAO  f  2.0ME  H,iPC6AF,N*T 
52  FO°'«AT«  lCw,2c10.3,Is.» 

■  E AO  57,09'»,ANOLFt  'IDfNTENNA 
57  FOR-'ATC  1 1  <  *  3F 1 .  3,  IM 

WRITE (7, 13c  I0«FGI,0*1EGAF,M»T 
13C  FOA»AT*lO*,*10CC.  3UPC.  *,2"  1C, 3*  15. 

WRITE*  7, R910BA, ANGLE, •  tO, TlTCRRA 


89  FORMAT<10*»3Flli._'.l5> 

CO  97  I  =  1 »N 

97  WRITE! 7.190)  DC!  I  >,L)S<  I  >.7C  I  > 

19C  FORMAT!  10X.9F10.3.*  0.0  *.*13. 3) 

STOP 

FNO 

SUBROUT  INC  RFLCTCA.B.C.'J.G.H.S.G.N) 

COMPLEX  A!N.N),B<N).C(N).C!N).G<N).-<(N),P,S!N).Q<N> 

PRINT  5 
00  9  I=1*N 

9  PRINT  5u0t!A(I.J).jsl.  I) 

PRINT  2C.lR!l).I  =  l.'n 
5  FORMAT  I *STME  A  MATRIX  ISJ*> 

20  FORMAT! •  *,*THE  «  MATRIX  I S ! * « /. 1 X *5 ! 1 »G 13 • 3 « 1 X « 1PC 1 0. 1 • 3X  )  . 
C/.GX.5I 1PE1 0.3,1 *.IPE 10.3. 3X)./.6X. 511 ®E 10.3. 1* .IP* 10.3* 3X)) 
PRINT  33.!(j!J).J=l*N) 

30  FORMAT ( •  *,*THC  INPUT  TRANSMISSION  MATRIX  IS: •«/« 

ClX,5<loEl0.3.1>.lPF 1C.3.3X) .21 /«6X.3 f 1 DF 1 0 . 3« 1 X . 1PE 1 0. 3 • 3X )  )  ) 
PsCvPLX (1.0.C.0) 

PRINT  A 

G  FORMAT  (  •  *,*THE  VOLTA**!  AVAILABLE  TO  T>«F  ANTENNA  I«:*) 

DO  330  X=  1  »  1  0 
00  50  J=1.N 
C!  U> =H<  J) 

G! J)=D! J)*P 
50  0! J)rR! J)«CI J) 

CALL  MULTI0!A,0*S*N.N,1) 

00  250  J=1.N 
250  NCU) :G( J)«S( J) 

300  PRINT  500. IP! J) . J= 1 ,N) 

00  350  J=1.N 

350  Cl  ICMP  LX  11.1,3  .£)♦“!  J)) 

PRINT  7 

7-  FORMAT!  •  *,*ThF  FUaL  VCLTAGC  AT  THE  A«TENM  IS*) 

PRINT  SP0»ICIJ),U=1.N> 

50  0  FORMAT  I  •  *.5l2llPf 1, .  3 . 1 X  )«.?>>.  2  </,*>*,  * < IP? 1 0 . 3 « 1 V , 1 Pr 10 • 3,3X1) > 
00  17  jsl.N 

e<  j)=5q.«ii.ab(  j>  >/u.-hi  j) ) 

CCOSsCOSI AT  AN 2 1  A IM»G<CCj>).H*:aL<CIJ>>)> 
CSINsSIN!ATAN2(MM«G(CIJ)).9FALICIJ>>)> 

CNA^sSORTC  1 1  ./*:  .  )  *RE  ALICl  J)«CI J)/°l  *.)  >  ) 

17  C I  J> aCNPLX  ICCOS *CM e^.c SIN *r*<AG» 

PRINT  9 

8  FORMAT  I •  THE  ANTENNA  CURRENTS  ARE:*) 

PRINT  500.«CIJ).J=I »N> 

RETURN 

END 

SUBROUTINE  MULTIOlA.e.C.NI .V2.N3I 
COMPLEX  AIN1.N2) «PIN?,N3)*ClNltN?) 

00  1  I^lfNl 
00  1  «si,N3 
Cl I *K)*CNPLXI0 .0 .0.0) 

00  1  J* i *N2 

1  el|iRMCUtK)«l(l«J)*S(JfK) 

return 


^NIJ 

Sur^O'jTIN*:  CNVRT»D«S» 

ro^LC*  o « ^ » 

DO  5C  IM«N 

Dl  1)  SC1PL<<KCAKC<  I>>«COS 0 17*53* \  IK«GCP(IM)t 
1RC*L<DC  !  >  >*MN«C  .«)  1  7*53  *M  "AD  CO <  I)))  > 

5  CO*lMN'Jr 
*E  TU*N 
f  NO 


n« 


